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Abstract: The initial and the initial-boundary value problems for the localized in-
duction equation which describes the motion of a vortex filament are considered.
We prove the existence of solutions of both problems globally in time in the sense
of distribution by the method of regularization.

1. Introduction

The localized induction equation which describes the motion of a smooth thin vortex
filament in three-dimensional perfect fluid is derived from some physical approxi-
mations of the Biot-Savart law ([1, 4]). It is formulated as

X, = Xy X Xy » (1.1)

where X = X(s, #) denotes the coordinate of a point on the filament in R> as a
vector-valued function of arclength s € IR and time ¢, and the subscripts mean the
partial differentiation with respect to the corresponding variables.

Some exact solutions of (1.1) are known ([7]): the trivial type (X; X Xz = 0),
the circular and the helical ones (}x; X X;s| = const.), the elastic one rotating about
an axis without changing its own form, etc.

Besides, Hasimoto indicated in [5] that (1.1) can be transformed by means of
the Frenet—Serret formulae into the nonlinear Schrodinger equation,

—i¥, = Vs + (1/2)|¥|*¥P (1.2)

for ¥ = i(s, H)exp{i f; t(s,t)ds i fol a(t)/2dt} . Here k and t are the curvature
and the torsion of the filament respectively, i.e.,

K= |Xss}, T = Xy (X X XSSS)/|XSS]2 s

and
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s
a(t) =2 [t ds + 27> — K* — 2Kk,
0

which is proved to be independent of 5. Then he showed that (1.2) has the 1-soliton
solution corresponding to a vortex filament with a local loop on it. This result was
extended to the N-soliton solutions in [2].

The unique solvability of the initial value problem for (1.2) was established
by several authors. For example, Ginibre and Velo [3] proved it in the space
C)(R; W, (R)). Hayashi et al. [6] showed a regularizing property of (1.2) that
the solution for a nonsmooth initial condition is smooth for #=0.

However, we must point out that (1.1) and (1.2) are not always equivalent from
a mathematical point of view. Indeed, in transforming (1.1) into (1.2) we assume, for
almost every (s, f), that |Xg| and |Xsss| remain bounded and that k cannot be zero.
This is the reason why in this paper we study the initial and the initial-boundary
value problems for (1.1), not for (1.2). Our result is that there exist solutions to
these problems in a weak sense. Unlike the results for (1.2), it seems to be difficult
to say something about their uniqueness and smoothness by our method (see Remark
4.2 below).

Since x and X; are the position and the unit tangential vectors respectively, they
are not square integrable with respect to s € R. Thus, taking account of several
numerical experiments ([1, 4, 11]), we consider the following situations:

(I) the curvature |Xg — 0 as s — +oo.
(II) x(s,t) approaches an exact solution y(s,?) with yss(Z00,#)#0, such as a
helix or an elastica, as s — +00.
(III) x,s(F1,¢) = 0 is satisfied when the domain of s is restricted to J = (—1, 1).
(IV) the filament is closed: x(s — 1,¢) = x(s + 1,¢) for s € R.

Then in the cases (I) and (II) the problems become the initial value ones for the
functions X = x — x¢ (With x(s5,0) = X (s)) and Y = x — y respectively. The reason
to distinguish (II) from (I) is that X can be assumed to belong to L?(R) but
¥ss (+,#) cannot. We do not intend to discuss the stability problem at present. The
numerical simulations in [4] for the motion of a vortex filament whose initial form
is plane parabolic, hyperbolic or exponential correspond to (I). On the other hand,
the condition (III) is equivalent to x(%1,¢) = X¢(£1). In other words it means that
the filament is fixed at the points s = +1 such as an initially sinusoidal curve in
the numerical experiment [11]. Therefore the problem under this condition becomes
the initial-boundary value one. The study of (IV) is mathematically similar to and
simpler than that of (III), and we mention it only at the end of this paper. In any
case, there is little essential difference among the final results for (I)-(IV).

Since the eigenvalues of the matrix 4, defined by A Xy = Xy X X, are 0, +i|X;],
(1.1) is not of parabolic type. Thus in this paper we first discuss the parabolic
regularizations

x5 =x% x x°; +ex%; in cases (I) and (III), (1.3)
and
x5 =x% x X%, +¢ (x* —y) in case (II) 1.3y

for ¢ > 0. In Sect. 2 we give a priori estimates for them and in Sect. 3 we show
the existence and uniqueness of their solutions. Then we establish the solvability of
(1.1) for all the types (I)—(IV) in the sense of distribution of Sect. 4.
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We introduce the notation as follows: Let @ be a domain in IR, 7 be any
positive number and Qr = Q x (0, 7). The norm in L*(Q) (resp. L*(Qr)) is denoted
by |||l (resp. |-lo;). If 2 =IR, we write them simply as |[-|| and |-| respectively.
By W3 () (« > 0) we mean the Sobolev—Slobodetskii space ([9]) in which the
norm of an element u is defined by

()’ =X 1Dkl + () )

Sk<a
keZ

where
| D*ull, if o =[a],

()2 — o o /
(e =1 gy 128 ) R L dsa i apa.

Q0 |s—s

If Q =1, we write the norm simply as ||-||®. We define the norm in the aniso-
tropic space Wy*A(Qr) = I2(0,T; W (Q)) N L2(Q; w(0,T)) of functions
u(s,t) (s € Qt e (0 T)) by

% f(llu( 0192t + [ (luts, - ) |G7)7 ds .

The subscript is also omitted if Q = IR. Let C*(Q) (resp. C,"(£2)) be the set of
all n-times continuously (resp. bounded-continuously) differentiable vector-valued
functions on . Positive constants, denoted by C (independent of ¢), C, (dependent
on ¢) in Sect. 2 and ¢ in Sect. 3, change from line to line. Moreover, C; has the
property: C, — 0 as ¢ — 0.

2. A Priori Estimates

We first consider the case (I).

Lemma 2.1. Let xo(s) be a function on R satisfying Xoss € Wo,2(R), ¢ be fixed
as 0 < ¢ <1 and T be an arbitrary finite positive number. Assume that X° is a
solution of (1.3) with the initial condition x%(s,0) = X such that x* — X, belongs

to W22+°"1+°‘/ 2 (Ry) (0 < a<1). Then for Xt = x® — X, the estimate
X + C x| < C @.1)
is valid, where the constants C and C, depend on x, and T.
Proof. Substituting x° with X® + x¢ in (1.3), we have
X = (X* 4+ x0)s X X + X% + (X° + X0)s X Xoss + €Xoss - 2.2)

By the density theorem it is sufficient to assume that X¢ is smooth and has a compact
support. Multiplying (2.2) by X¢, and X! . and integrating by parts, we
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have, respectively,

(/2)(IXE 1) + &l XC 12

€ £
= f(x0ss x X o+ Xoss X Xo5 — € Xogs) * X 5 dS
R

ésupslxossl : (”Xs.s”2 + ”Xes.s‘”2)
+ (1 + &) (|| Xausl* + X501
SO X5 + X 1% + € 23)
and
(1/2) (” Xess Hz)t + 8” Xesss ”2 ésupsl X0ss | : (” X0sss “2 + ” Xess ”2)
+ sup| X |« || Xossss || [| X5 |
+ (1 + 5) (”XOSSSS ”2 + ”Xsss ”2)
SCUIXS P+ I1X I + €. (24)

Here we used the fact that xo; € C2(R) is the unit tangential vector of the initial
vortex filament: | Xxo; |= 1, the multiplicative inequality and Young’s. From adding
(2.3) to (2.4) and applying the Gronwall inequality we derive the estimate

X5+ X 1 =C (2.5)
It follows from (2.4) and (2.5) that
IXC S o2 2.6)
In the same way as above it is not difficult to obtain from (2.5),

1/2) (I XE1D) + & [|1X5 |12 = J{XE + x0)s X (X + Xo)ss + Xogs } - X0ds
R

<CIxX*|P+c,
hence
Ix*|<c. @7
It is obvious that the estimate
X< TXE + X0)s X XE|| + || (X® + Xo)s X Xoss |
+ e[| X || + el Xossl| =C (2.8)

follows from (2.2).
Therefore (2.5), (2.7) and (2.8) yield

X;®=<c. (2.9)
Finally, differentiating (2.2) with respect to s leads to
Ixastl =< I(Xe + XO)s X Xssssl + I(X‘g + XO)s X xOsssI
+ glxesml +e IXOSSSI
§(51/2lxesr2) + C5—3/2|X€s| 1+ 1) C8—1/2 +C
<Cem 28X+ ¢!
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with & being an arbitrary positive constant. If we take & so small that Ce~1/2 §1/2 < 1
holds, then we obtain

[xe,l<C,7t. (2.10)
Hence from (2.6), (2.9) and (2.10), the inequality

IX51® <, @2.11)
follows. It is clear to get

Xe|W=c, ™! 2.12)

by using (2.2) and (2.11).

The relations (2.9), (2.11) and (2.12) yield (2.1) with « = 1, which immediately
gives (2.1) with « € (0,1). O

Similarly, we get a priori estimates for the cases (II) and (III).

Lemma 2.2. Let ¢ and T be as in Lemma 2.1, 'y be an exact solution for (1.1)
with the property yss € C%0,T; C,2(R)) and Xo(s) satisfy Xo —y(-, 0) € W,%(R).
Suppose that x¢ is a solution of (1.3) with the initial condition x%(s, 0) = Xo such
that xt —y € W2 2(Rp) (0 < a<1). Then the estimate
IYe® + C Y| <C (2.13)

is valid for Y¢ = x® —y, where C and C, depend on'y, xo and T.
Proof. We can rewrite (1.3) in the form

Y, = (Yo 4y)s x Yo, +6Yo + Y& Xy . (2.14)
In just the same way as in the proof of Lemma 2.1 we derive the inequality (2.13)
from the fact | y; |= 1 yielded by

(1/2)(IYS|2)t = Y5 Y5t = ¥s*(¥s X Yss5) =0
and | y,(+, 0) |=1. O

Estimating x¢ in (1.3) directly without using (2.2), then we have

Lemma 2.3. Let ¢ and T be as in Lemma 2.1 and X¢(s) be a function on J
satisfying Xoss € L*(J). Suppose that x* € W} Tolt205) (0 < w < 1) is a solution
of (1.3) with the initial-boundary conditions x¥(s, 0) = Xo, X’ (£1,¢) = 0. Then the
estimate

Ix*|P + Cx?|5 ™ < C 2.15)

is valid with some constants C, C, depending on x, and T.

3. Existence and Uniqueness of Solution for (1.3)

In order to establish the existence and uniqueness of solution for (1.3) with ¢ > 0
fixed it is convenient to introduce the weighted anisotropic Sobolev—Slobodetskii

space, the norm || - || y(“) and the lemma relevant to them ([10]).
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Definition 3.1. H***(Qr) (y=0, a > 0) denotes the space of three-dimensional
vector functions on Qr with the finite norm defined by

Jo M A+l + S5 1D o, ¢ = 1)
A, = ~D g, ) [ =2 deydtif of24[o2]
Iy e DG + v llully + 1D ulipyar if a/2=[2/2],

where uy = u (resp. up = 0) when t > 0 (resp. t < 0), and in the second case we
assume that D] u(s,0) =0 (j =0,...,a/2 — 1) are satisfied.

Definition 3.2. For u € Hy“’“/ 2(Roo) we define its Fourier—Laplace transformation
b
y N |
W, o)= [e ( [ us, e "¢ ds) dt,
0 R

and the norm || - | & b

(ul §“>)2 = g n{ i:(&, 0)*(lo| + E¥)a¢ at,

where 6 =y + il. For u € H**(D), where D = R x R*, we define its Laplace
transformation by

u(s,0) = [e "u(s,t)dt,
0

and the norm || - |||(a)

w13 =z 1.{ IDF (-, 0) || 5+ 0| *dl + ]R[(«a(-, NS 2,
where 6 =y + i(.

Lemma 3.1. ([10, Lemmas 2.1, 2.3]) For every y=0 the norm |- |||§°‘) (resp. || - ||

%) is equivalent to |-|§‘j{{°o (resp. |-|§,°,%).

From now on, in this section we denote the constants which may depend on ¢
by c.

A. The Initial Value Problem

In this subsection we consider the initial value problem for (1.3) related to the
case (I)

X% = (X® +x¢)s x X% + X% + (X® +Xq)s X Xos5s + €Xoss (5 € R, 2 > 0),
X!(s,0)=0 (s€eR). 3.
As preliminaries we consider the linearized problems; first

w=axXus+eus+f(,1 (seER, t>0),
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u@s, 00=0 (seR), 3.2)
with a constant vector a in R>, and second
u = a(s,t) X ugs + eugs + f(s, 1),
u(s,0) =0, (3.3)
with a vector-valued function a(s, ) in IR®. Then we go to (3.1).

Proposition 3.1. Ifa > 0, ¢ > 0, y > 0 and f € H*"*(Ro,), then there exists a

unique solution u of (3.2) such that u € H-**'""*(R.,). Moreover the following
inequality is valid:

2
52 < clf I, - (34)

Proof. Let us write the right-hand side of the first equation of (3.2) as Aouss + f.
By the Fourier-Laplace transformation we have formally

fi=(0+4)7'F. (3.5)

Obviously (3.2) is satisfied with the function u obtained by the inverse transformation
of &.

On the other hand, since the eigenvalues of the matrix o + 4¢&? are o + &&2,
o + (¢ £ ilal)&?, the norm of (¢ + 4¢¢?)~! is equal to

Max(|o 4 e |71, | 0 4 (e £ i|a))&* |71).
By virtue of the inequality
(ol +& ={lo+be |+ 1+ b)E)
<2(1 + |b]Y*Max(1, £72)|(0 + ib&?) + e&2|?,

where b =0, *|al, (3.5) can be evaluated as follows:
(U w Iy S| dén[tf(é, 0)lo + (e +ib)* | *(|o| + &) dL

<c(lf 1Y -
This leads to (3.4) according to Lemma 3.1. [

Proposition 3.2. Assume that 0 < a < 1, ¢ > 0, f € Wi*(Ry) and as, 1) is
Hoélder continuous. Then for any finite positive T there exists a unique solution u

of (3.3) such that u € W%“’Ha/ 2(Ry). Moreover the inequality
3+ < (DI FIP (3.6)

is valid, where c(T) denotes a function monotonically increasing with respect to T
and

(/17 = A1) + 774712,

Al = (ud @Y + (lusd @) + Jusl Hul* .
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Proof. Using Proposition 3.1 and the regularizer method ([10, §4]), we can prove
that, for f € H ‘;"“/ 2(]Rc,o) with a large y > 1, there exists a unique solution of (3.3)
which belongs to H2"'"**(R ) and satisfies the same inequality with (3.4).

Since every element of H{"*/*(Rr) (120) can be extended with preservation of
the class into R, ([10]), the estimate (3.6) is derived as

o 1/2
¢t <c |u|+|ut|(“)+luss|(°‘)+{ J (i|u,||2+|luss|l2)t‘“dt} }
0

<c(lul + lulSq, +1usslor, ) Scllul + el + Tusl$)
<ceul® <c(DIf 1P <A1 + 1)
Se(DIfID,

where || =1 I(“) (4 =0,7), and the second and the last inequalities are obtained
from Lemma 6.3 and its Corollary in [10], respectively. Now the proof is completed.
0

Proposition 3.3. Let 1/2 < a < 1, ¢ > 0, Xo55 € W5 (IR) and T be as in Proposi-
tion 3.2. Then for some Ty € (0,T] there exists a unique solution X® of (3.1) which

belongs to W22 toolte/ 2(]RTO). Moreover the following inequality is valid:

XYy Sl Xoss |- 37

Proof. Let u® =0 and 4™ (n = 1,2,...) be a solution in Proposition 3.2 with a =
@D+ x0), [ = @D 4 Xo); X Xogs + & Xogs, Where u®=D € WITHTA(R ),
Then u™ is well-defined for each n. Indeed, the imbedding theorem yields that
a is Holder continuous on Rz and f € W&**(Rz). Thus from (3.6) we confirm

™3+ < (T + Xo)s X Xoss + Xossl
S e(T)(supg, | u"V; | + Dl x055/|
S (TR DN + clu® D]+ || Xoss | )
(D@D 4 s TIu D 1+ [ %055 | @)
Se(T)E + esDIuVIE + o(T) |[x05 @
where ¢ is any positive constant and c; denotes a function with negative power of §.

Since we can choose sufficiently small § = 6;, T = Ty such that c(T1)(1 + ¢5,T1)
< 1, we have

1R Scllxos | @ (3.8)

The norm in the left-hand side of this inequality is the same as that of (3.6) but the
time T is replaced by T3.
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Next, subtracting the equation for ¥~V from that for 4™ and setting v™ =
u® — =D we have

n) __ (n—1) () (n) ()
v, =u g XU Fev

ss+X05XU ss

+ U(n——l)s X Xoss + v(n—l)s x u(n—l)ss’

v"(s,0) =
Again by Proposition 3.2 and by (3.8) the function v™ is estimated for any
t€(0,T1] as

oIk <)o"V, x Xogs + 070, x w0 |0

<c(t)(0 + cst)(1 + || Xoss || )™~ 1)'(2+a) '

If we choose 6 = &y, t = To<T; so small that the coefficient of |[v*~ 1)I(ZM) in the

right-hand side is less than 1, then it follows that {u} converges with respect to

the norm |-|£2n“;°;) and (3.7) is satisfied with X® = lim %™ which is a solution of
” 0 n—00

@3.1.
On the other hand, the uniqueness of the solution X® can be easily proved.
Now, combining this proposition with Lemma 2.1, we establish

Theorem 3.1. If 0 < & < 1 and Xo55 € WZ(R), then for any T € (0,00) there
exists a unique solution X¢ of (3.1) such that X¢ € W22+°"1+°'/2(]RT) (12 < a < 1).

Proof. We can easily confirm that if X*(-, 0) = X, € W, *%(R) is nonzero in (3.1),
then Proposition 3.3 is also valid with ¢ || Xp ||!+% added to the right-hand side of
(3.7). Hence from (2.1) we complete the proof.

Besides, in the same way we obtain the following theorem related to (II).

Theorem 3.2. If 0 < ¢ < 1, ys € C%0, T; C,3(R)) for any T € (0, o), and
Xo — ¥(+,0) € W,% (R), then there exists a unique solution Y* of the initial value
problem for (2.14) such that Y¢ € WP YX(Ry) (1/2 < « < 1),

B. The Initial-Boundary Value Problem
Similarly to Part A, we first consider the system

U =aXuss+euss +f(s >0, t>0),
u(s,00=0, u(0,)=g@), ¢g0)=0, (3.9)

where a is a constant vector.
Let H;‘(R+) be the space whose norm is defined for an element g by

o] o0
[e2(y*|g > + [|DYgo(t — 1)
0 0
Ugll,®y =< —Dlgo(e) [Pr=1=2%42 1 gnydr  if [o] %o,

[ e gl +|D7gPdr if [o] =,
0
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where go = g (resp. 0) when ¢ > 0 (resp. ¢ < 0).

Proposition 3.4. If 0 < a < 1,¢ > 0,7 > 0, f € H**(D) and g € H*"*(R™),

then there exists a unique solution u of (3.9) such that u € HX*"*** (D). Moreover
the following inequality is valid.

lu|(2+a) <C(If|§yo:1)) + gl §)3/4+°ﬂ/2)) . (3.10)

Proof. Since we can extend f as f € Hy & 2(Ro), we get, for u’ defined by the
inverse transformation of the right-hand side of (3.5),

1557 <1 [ipes Sel Ty, Self 155 - (3.11)
Then we have only to consider the problem for «” =u —u/,
W o=axu' +ed = A0
(s, 00=0, "0, 1) =g().
By the Laplace transformation like that in Definition 3.2 it becomes
@' (s,0) = a4y~ '@, @0, 0)=g(a), #' — 0 (s— 00).
Noticing that the eigenvalues of 04, ' are ge™! and a(e + ila|)~! yields
(Pi" )k = Gi(0)exp(—s) » (3.12)
where
= (e )2, h={o(e+ila)™'}", Js = {ote —ilaD™'}'",

both Arg o'/ and Arg(e +i|al)'/? belong to (—n/4, n/4), P is an orthogonal
matrix, and Gy = (Pg) (resp. (Pii"");) denotes the k™ component of P (resp. Pii").

" m (2+w)

In order to estimate || u we need

Lemma 3.2. ([10, Lemma 3.1]) Let e; = exp(—As), o =y+il, y > 0, j =0,
B € (0, 1). Then the following inequalities are satisfied:

;ﬂDsjeklzds < lufit,
[[|D{ex(s +z) — Die(s) Pz~ "Pdsdz < c| e [PTF1.
From this lemnula and (3.12) it follows that
w577 23 { 52 [1oP+ G P 1D e e
+ [1Gk |2dc []1De(s +2)
R D
— D %ei(s) |2z‘1'2°‘dsdz}

Zcf|al***|g(o)PdL . (3.13)
R
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On the other hand, from the relation between g(¢) and g(o),
2ne g = [e“G(y + i)l ,
R

and the Plancherel theorem we have

(lgll,CA2y = @m)y=2 [(|o P2+ + y*#*) g ¢ .
R

Hence this equality together with (3.11), (3.13) and Lemma 3.1 yields the assertion
of the proposition. [J

On the basis of this proposition we obtain, similarly to Part A,

Proposition 3.5. Assume 1/2 < a <1, ¢ >0, xg € W, (), T is as in Propo-
sition 3.2 and g4 € W23/ 4+of 2(0, T). Then for a certain Ty € (0,T] there exists, in

w21, a unique solution of (1.3) with the conditions

X(s,0) = Xo(s), x°(£1,0) =g+(1), xo(£1) =g+(0).

Moreover the following inequality is valid:

2 1 3/4+a/2
15 Selll%oll§ ) + g1l olry ™) -

Since the condition x’ (&1,¢) = 0 of (IIl) is equivalent to x°(%1,¢) = Xo(£1)
by (1.3), we obtain the theorem related to (II) from Lemma 2.3 and Proposition
3.5:

Theorem 3.3. If 0 < ¢ < 1 and Xo5s € L*(J), then for any T € (0,00) there exists,

in W22+°”1+“/2(JT) (1/2 < a < 1), a unique solution of (1.3) with the conditions
x%(s,0) = x¢(s), x%(E1,7) = xo(x£1).

4. Final Results

On the basis of the results in Sects. 2 and 3 we obtain

Theorem 4.1. If Xo5s belongs to WZ(R), then for any T € (0, co) there exists, in
the sense of distribution, a solution X(s,t) € WZZ’I(IRT) of (3.1) with ¢ = 0.

Proof. From Lemma 2.1, Theorem 3.1 and Rellich’s theorem ([8]), it follows that
there exist a subsequence X% and its limit function X such that Xs,-” — X,
X7, — X, weakly in L*(R7) and X7 — X, strongly in L*(Kr) when & — 0,
where K7 =K % (0, T) and K is an arbitrary compact subset in IR.

Then the function X satisfies (3.1) with ¢ =0 in the sense of distribution. In
fact,

T
[ (X x Xy5) - Bdsat
RO
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is well-defined for every three-dimensional vector-valued function @ which belongs
to C*°(IR7) and whose support is compact, and

T . N
J I X5 x X55 — X, x X,) « @ dsdt
RO

[ X% =X x XI55 + X, x (XPy — X))} - @ dsdt
supp[®]

& &
= Sups,,| ) | Ists"X T — Xslsupp[@]

+

T
ff(Q X Xs)’ (Xajss - ss)dsdt
RO

—0 if §—0 0

Similarly to Theorem 4.1 we establish the following theorems.

Theorem 4.2. If y,; € C%0, T; CA(R)) for any T € (0, 00), and X9 — y(+, 0) €
W2(R), then there exists, in the sense of distribution, a solution Y € W22’1(1RT) of
the initial value problem for (2.14) with ¢ = 0.

Theorem 4.3. If Xo5; € L*(J), then for any T € (0, oo) there exists, in the sense
of distribution, a solution x € W22’1(JT ) of (1.1) with the conditions x(s, 0) = Xo(s),
Xss(£1, 1) = 0.

Remark 4.1. For a closed vortex filament (IV) we obtain the same a priori estimates
with (2.15) and the propositions similar to those in Sect. 3-B neglecting g and g+.
Therefore the assertion in Theorem 4.3 is also valid with x(s — 1, ) =x(s + 1, ¢)
instead of x (%1, t) = 0.

Remark 4.2. If a priori estimates are independent of ¢ in the class W24’2, we shall
be able to prove that the solution is unique and classical in any case of ()—(IV).
However, it seems to be difficult to find such estimates.

Acknowledgement. The authors thank Professors S. Ukai and T. Nishida for fruitful conversations.

References

1. Arms, RJ., Hama, F.R.: Localized-induction concept on a curved vortex and motion of an
elliptic vortex ring. Phys. Fluids 8, 553-559 (1965)

2. Fukumoto, Y., Miyazaki, T.: N-solitons on a curved vortex filament. J. Phys. Soc. Japan 55,
41524155 (1986)

3. Ginibre, J., Velo, G.: On a class of non-linear Schrédinger equations. III. Special theories in
dimensions 1, 2 and 3. Ann. Inst. H. Poincaré Sect. A 28, 287-316 (1978)

4. Hama, F.R.: Progressive deformation of a curved vortex filament by its own induction. Phys.
Fluids 5, 1156-1162 (1962)



Localized Induction Equation for Vortex Motion 445

7.

8.
9.

10.

11.

5. Hasimoto, H.: A soliton on a vortex filament. J. Fluid Mech. 51, 477-485 (1972)
6.

Hayashi, N., Nakamitsu, K., Tsutsumi, M.: On solutions of the initial value problem for the
nonlinear Schrodinger equations in one space dimensions. Math. Z. 192, 637-650 (1986)
Kida, S.: A vortex filament moving without change of form. J. Fluid Mech. 112, 397409
(1981)

Mizohata, S.: Theory of partial differential equations. Cambridge: Cambridge Univ. Press, 1973
Slobodetskii, L.N.: Estimates of solutions of elliptic and parabolic systems. Dokl. Akad. Nauk
SSSR 120, 468—471 (1958) (in Russian)

Solonnikov, V.A.: On an initial-boundary value problem for the Stokes systems arising in the
study of a problem with a free boundary. Proc. Steklov Inst. Math. 188, 191-239 (1991)
Takaki, R.: Numerical analysis of distortion of a vortex filament. J. Phys. Soc. Japan 38,
1530-1537 (1975)

Communicated by H. Araki








