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REND1C0NTI DEL CIRCOLO MATEMAT1CO DI PALERMO 
Série II, Suppl. 66 (2001) pp. 105-115 

ON LOCAL STABILITY OF DIFFERENTIAL (n - l)-FORMS ON AN 
n-MANIFOLD WITH BOUNDARY 

WOJCIECH DOMITRZ 

ABSTRACT. In this paper we consider classification cf smooth differential (n - 1)-
forms on an n-manifold with boundary with respect to the equivalence defined by 
pullback via a diffeomorphism which preserves the manifold together with its bound­
ary. We determine which smooth differential (n — 1)-forms are locally stable on an 
n-manifold with boundary and find their local normal forms. 

1. INTRODUCTION 

Let M be a germ of a smooth manifold with boundary at p € dM. For simplicity 
of notation, we take a germ at 0 € Rn of the following set 

M = {(xl,...,xn)eRn:xl > 0 } . 

We will denote by GM the group of diffeomorphism-germs (itn,0) -» {Rn,0) at 0, 
which preserve M. It is obvious that these diffeomorphism-germs preserve dM. 

We define the natural equivalence of germs of differential k-forms on a manifold 
with boundary Let a, (3 be germs of smooth k-forms on Rn at 0. 

Definition 1. a, /? are CAf-equivalent, if there exists $ e GM, such that 

**<* = /?. 

The analogue of Martinet's definition ([10]) for local stability of k-forms on a man­
ifold with boundary is the following. 

Definition 2. A differential k-form a is <9M-stable at x € <9M, if for any neighbour­
hood U of x there is a neighbourhood V of a (in C00 topology of k-forms) such that 
if 0 € V then there are y € U and a diffeomorphism-germ 

$:(Rn,x)->(Rn,y), 

which preserves M and 

$*0 = a. 

Research of the author was supported by KBN grant 2P03A02017. 
The paper is in final form and no version of it will be submitted elsewhere. 



106 W. DOMITRZ 

If a k-form is dM-stable at p € 3M, then it is also stable at p in the sense of 
Martinet (on a manifold without boundary). Therefore, there are no locally dM-
stable germs of k-forms for 2 < k < dimM — 2 and there are no locally 
<9M-stable germs of closed k-forms for 3 < k < dimM - 2 (see [10],[7],[9]). 

Classification of differential k-forms is a classical problem (Darboux theorems). It 
was considered by many authors ([12], [10], [7], [8], [9], [13], [14], [15], [3], [4], [5] ). 
Germs of smooth differential (n - l)-forms (on a manifold without boundary) were 
classified in [10], [7], [9]. Classification of germs of (n - l)-forms is given by the 
order of contact of the kernel kera of the germ of the form a with its hypersurface of 
degeneration {da = 0}. In [3] germs of locally stable smooth differential ( n - l)-forms 
on an n-dimensional manifold with boundary were classified provided the kernel of 
the (n — l)-form is transversal to the boundary Now we also consider (n — l)-forms 
such that their kernels are tangent to the boundary We show that classification of 
germs of locally stable (n — l)-forms are given by the order of contact of the kernel of 
the germ with its hypersurface of degeneration and the order of contact of the kernel 
of the germ with the boundary of the manifold. We also find normal forms of these 
germs. 

In this paper all object are smooth (C°° differentiable). 
The two following lemmas ([10]) will be useful. 

Lemma 1. Let r be a k-form on Rn. I}T satisfies the following conditions : ^f-JT = 
0, af-JdT = 0, then T = TT*L*T, where 

TX : Rn -> {xi = 0}, *(xux2,...,xn) = (Q,x2y...,xn), 

L : {xx = 0} -> IT, i(x2,..., xn) = (0, x2i..., xn). 

Lemma 2. Let r be a k-form on Rn. Ifr satisfies the following conditions: ^f-Jr = 0, 

~-\dr = ^pT, then r = (TT*L*T, where <p, £ are smooth functions on Rn and £|{xl=o} = 

L1 

It is easy to prove the following (see [3]) 

Lemma 3. Let a be germ of n-form on Rn atQ. Ifr satisfies the following conditions: 
l .a . = g(x)dx\ A • • • A dxn, where g is a function-germ such that g(0) = 0, dgo -̂= 0, 
2. the germ of vector field -^- at 0 meets 

S = {xeRn: g(x) = 0} 
transversally at 0, 

then there exists $ € GM, $(x) = (((x),x2y.. .,xn), such that 

$*a = ±(x\ - f(x2y..., :rn))da;i A • • • A dxn , 

where (, / are function-germs on Rn. 

2. CLASSIFICATION OF n-FORMs ON AN n-MANiFOLD WITH BOUNDARY 

In these section we present complete classification of germs of locally <9AI-stable 
smooth (dimM)-forms. We find normal forms of these germs. 

Let a be a germ of n-form on Rn at 0. It is easy to prove the two following 
propositions by standard Martinet's methods([10]). 
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Proposition 1. If ao 7- 0 then a is GM-equivalent to dx\ A • • • A dxn. 

Proposition 2. If a satisfies the following conditions: 

L a0 = 0. 
2, S = {x 6 Rn : ax = 0} is a germ of a regular hypersurface at 0. 
3. dM meets S transversally at 0. 

then a is GM-equivalent to 
xndx\ A • • • A dxn . 

If a does not satisfy the assumption 3 of Proposition 2, then it is not cW-stable at 
0. 

Proposition 3. If a satisfies the following conditions: 

1. a0 = 0. 
2. S = {x € Rn : ax = 0} is a germ of a regular hypersurface at 0, 
3. dM is tangent to S at 0, 

then a is not dM-stable at 0. 

Proof. From condition 3, f̂- meets S transversally at 0. By Lemma 3 a is GM-
equivalent to 

(1) (xi - f(x2,.. -, xn))dxl A • • • A dxn , 

where / is a function-germ at 0, /(0) = 0 and 0 is a critical point of / . 
By Sard's Theorem there is e, which is regular value of / , in any neighbourhood 

of /(0) = 0 € R. Let /3 denote the following n-form ft = a -f eotei A • • • A rfxn. If 
a is <9M-stable at 0 then there is a diffeomorphism $, which preserves M such that 
$*/3 = a. The set {x G Rn : Px = 0} is tangent to dM at $(Q). This implies that 
/(<-K0)) = e and d/*(o) = 0, which is impossible, (see [3] for details). D 

3. CLASSIFICATION OF ( n - 1)-FORMS ON AN n-MANiFOLD WITH BOUNDARY 

In this section we classify locally stable differential (n - l)-forms. 
Let a be a germ of an (n — l)-form on Rn at 0. First we consider nondegenerate 

(n — l)-forms such that their kernels are transversal to the boundary 

Proposition 4. If a satisfies the following conditions: 

1. a0?-0, 
2. da0 # 0, 
3. a germ of a smooth vector field X at 0, which satisfies the following 

XJ(da) = a, 
meets dM transversally at 0. 

then a is GM-equivalent to one and only one of the following two germs at 0 

(2) a± = (1 ± Xi)dx2 A • • • A dxn . 

Proof. From condition 3 we can reduce X and a to the following form: X = ±~-, 
tdMOc — dx<2 A • • • A dxn, where IQM ' dM —• Rn. By the definition of X, 

(3) £]*,.„. 
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According to Lemma 2, we have 

(4) a = f(x)dx2 A • • • A dxn , 

where / is a smooth function on Rn such that J\QM = V From Exp 3 we have 
jj£- = ±f. Therefore / = e±Xl and it is easy to see that we can reduce a to Eq. 2. 

Germs a+ and a~ are not GM-equivalent, because 

(5) da* = dx\ A • • • A dxn , da" = —dx\ A • • • A da:n 

and 

(6) L*dMa* = dx2 A • • • A dxn , tJMa" = dx2 A • • • A dxn 

(see [3] for details). • 
Now we consider nondegenerate (n — l)-forms such that their kernels are tangent to 

the boundary We need the following lemma. 

Lemma 4. <£> : (Itn,0) -> (Pn,0) is a diffeomorphism-germ which preserves the germ 
of (n — l)-form (1 + xn)dxi A • • • A dcrn_i at 0 if and only if $ is a volume-preserving 
diffeomorphism of the form 

$(x) = (y(xu...,Xn_l),—— \Xn-r-77^u 7 - 1 
V J(*)(xi,.. . ,a;n_i) J(*)(xi , . . . ,x n_i) 

where _* : (Hn_1,0) —> (Pn_1,0) is a diffeomorphism-germ and J( _*) is the determinant 
of its Jacobian. 

Proof. Firstly we notice that da = dxn A dx\ A • • • A d.rn_i must be preserved by 
<1>. So <_• is a volume-preserving diffeomorphism. A smooth vector field X such that 
KJ(da) = a, must be preserved by this diffeomorphism too. It is easy to see that 

X = (l + zn)aiJb Therefore 

<_ (.r) = (V(Xi, . . . , Xn_i), f(x)xn + g(xU • • • , Zn-l)) , 

where # : (_?n-\ 0) -r (Itn_1,0) is a diffeomorphism, / : (Rn, 0) -> (H, 0) is a function 
such that /(0) 7̂  0 and g : (Pn,0) -> (It, 0) is a function which does not depend on 
xn. Therefore we get 

(1 + f(x)xn + g(xu . . . , :rn_i))J(tf) = 1 + xn . 

and hence 

^ ( x i , . . . , ^ . ! ) = l / j ( * ) ( x i , . . . , r r n - i ) - 1 , f(x) = l/J(V)(xu...,xn-i). a 

Let A' be a vector field and let /5 be a germ of a function or a k-form. Let Cxj5 
denote i Lie differentiations with respect to X. A vector field X is k-tangent at 
y _ Rn to a regular hypersurface {x G # n : if(x) = 0} if Cl

xH\y = 0 for i = 1, . . . , k 
and CkjtxH\y 7- 0. 

We use the above lemma to prove the following result. 

Theorem 1. If a satisfies the following conditions: 

1. ao 7- 0, 
2. da0 ± 0, 
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3. a germ of a smooth vector field X at 0, which satisfies the following 

X\(da}=a, 

is (k - 1)-tangent to dM = {x G Rn : X\ = 0} at 0 (1 < k < n), 

4. dx\ A d(CxX\) A d(C2
xX\) A • • • A d(Ck

x~
zX\) A d(Ck

x~
2X\)\0 ^ 0 

then a is GM-equivalent to 

(7) ( l + * „ ) -
J b - 1 

• (±ctei A dx2 A • • • A da;n_i + (xn~
l + ^ .x'i.rn~

2J(ia;n A dx2 A • • • A d:rn_i). 
i=2 

Proof. By standard Martinet method we can find a diffeomorphism $ : (itn,0) —> 
(itn,0) such that $*a = (1 + xn)dx\ A dx2 A • • • A da;n-i and $-1(<9M) = 
{x e Rn : H(x) = 0}. It is easy to see that K = (1 + .c n )^- . From condition 3 

we get | ^ | o = 0 for i = 1 , . . . , k - 1 and §pr|o 7- 0. By the Malgrange Preparation 
Theorem we have 

{xeRn: H(x) = 0} = L e Rn : xk
n + J X - n , • • • > V J X " 1 = 0J , 

where Pi is a function-germ on Pn which does not depend on xn for i = 1 , . . . , k. 
Now we reduce the above hypersurface to the normal form by diffeomorphisms which 

preserve 

(1 + xn)dx\ A dx2 A • • • A <i:rn_i . 

Firstly we reduce it to the form 

LeRn:xk
n±^ql(xu...)xn-1)xn~

l = o\ 

by the diffeomorphism 

r\( \ ( fXl 1 Pk(t^2)...,xn-\) k \ 
e{x)=Uo * jfc ^ T 2 , . . . , , n _ 1 , ^ - - ^ ( x n + l ) - l j . 

By Lemma 4 this diffeomorphism preserves (1 + xn)dx\ A dx2 A • • • A dxn-\. From 
condition 4 we get that the mapping Q — (<?i,... ,^-1) • (Pn_1,0) -» (Rk~l

y0) is a 
submersion. If k — 1 < n — 1 then there exists a volume-preserving diffeomorphism 
* : (JP-SO) -» ( i T ^ O ) such that 

Now by a diffeomorphism of the form A(xi,.. . ,xn) = ("$(x\,... ,.rn._i),a;n) which 
preserves (1 + xn)dx\ A d:T2 A • • • A Gtan_i we reduce the hypersurface to 

H ° 4 + 1 ' ? ? T * , + " = 0 } -
Finally we use the diffeomorphism 

/ xk k-1 x- \ 
T(XU . . . , Xn) = f -^- + Y, Y~[Xn~l ± X-' ^ 2 , • • • , -CnJ • D 
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Now we prove that there are no more locally <9M-stable nondegenerate (n-l)-forms. 

Proposition 5. If a satisfies assumptions 1, 2, 4 of Theorem 1 and a germ of a 
smooth vector field X at 0, which satisfies the following 

X\(da) = a, 

is (n - 1)-tangent to dM = {x € Rn : X\ = 0} at 0 then a is not dM-stable at 0. 

Proof. We reduce a to the form (1 -f xn)dx\ A dx2 A • • • A dxn^\ and dM to the form 

(8) | „ € f i n : < + £^(x1 , . . . ,_n_i)4"1=o | . 

By Lemma 4 a diffeomorphism _» which preserves (1 + .rn)d.zi A dx2 A • • • A dxn-\ and 
the form of dM (8) has the form 

<_(x) = (V(xu...,xn-i),xn), 

where _* : Rn~l -4 Rn~l is a diffeomorphism which preserves (n — l)-form dx\ A dx2 A 
• • • A dxn-\. It is easy to see that we cannot change the determinant of the Jacobian 
J(q\, • • •»<?n-i) by the action of these diffeomorphisms. D 

Proposition 6. If a satisfies assumptions 1, 2} S of Theorem 1 for k > 2 and a does 
not satisfy assumption 4 then a is not dM-stable at 0. 

Proof. We may assume that X is 2-tangent to dM at 0. Then we reduce a to the 
form (1 4- xn)dx\ A dx2 A • • • A dxn-\ and dM to the form 

(9) [x € Rn : xz
n 4- q2(xu . . . , xn_i)zn 4- X\ = o} , 

where |^ |o = 0 for i = 2 , . . . ,n — 1, because a does not satisfy assumption 4. By 
Lemma 4 a diffeomorphism <_• which preserves (1 4- xn)dx\ A dx2 A • • • A dxn-\ and the 
form of dM (9) has the form 

$(_) = (xi, _-(„2, • • •, sn_i), x n ) , 

where $ : IT1-1 -» Itn_l is a diffeomorphism which preserves (n — 2)-form dx2 A • • • A 
dxn-\. It is easy to see that we cannot change Hess(q2(0,x2,... ,xn_i))-the deter­
minant of the Hessian of ^ ( O , ^ , • • • j^n-i) by the action of these diffeomorphisms. 

• 
Now let us consider degenerate (n — l)-forms. 

Proposition 7. If a satisfies the following conditions: 

1. a0 7- 0, 
2. da0 = 0, 
3. S = {x G Rn : das = 0} is a oerm of a regular hypersurface at 0; which meets 

dM transversally at 0, 
4. a germ of a smooth vector field X at 0, which satisfies the following 

XJa = 0, X(0)7-0, 

meets dM and S transversally at 0, 



ON LOCAL STABILITY OF DIFFERENTIAL (n-1) - FORMS ON AN n-MANIFOLD WITH BOUNDARY 1 1 1 

then a is GM-equivalent to one and only one of the following two germs at 0 

{±-{x\ - x2)
2 -f l)dx2 A • • • A dxn . 

Proof. From condition 4 we can reduce X and S to the following forms X = ±-~-y 

S= {xe Rn :x\ = g(x2i...,xn)} , 

where g is a smooth function on dM. Then a can be reduced to such form that L$a = 
dx2 A • • • A dxn) where is : S <-> i?n by diffeomorphism _•(„•, u) = (xi, 0(x2 , . . . , xn)), 
which preserved the form of X. Hence by Lemma 2 we deduce that a = /i(dx2 A • • • A 
dxn), where h is a smooth function on Rn, h\$ = 1. On the other hand 

(da) = ±(xi — /)dxi A • • • A dxn , 

which follows from Lemma 3. Therefore h = {±\{x\ - / ) 2 + 1). 
Then a is G^-equivalent to 

(10) ( ± -{x\ - / ( x 2 , . . . , xn))2 + l)dx2 A • • • A dxn . 

From condition 3 one can easily reduce a to the following form 

( ± -{x\ — x2)
2 ± l)dx2 A • • • A dxn 

(see [3] for details). 
By the standard argument ([10]), it is easy to prove that germs of the following 

(n - l)-forms at 0 

(-(xi - x2)
2 -F ljdx2 A • • • A dxn , 

( ~ ^{xi ~~ ^-O2 + l)dx2 A • • • A dxn 

are not (^/-equivalent. D 
If 5 does not meet dM transversally at 0, then a is not <9M-stable at 0, because da 

is not cW-stable at 0 (see Proposition 3). 
Now we prove 

Lemma 5. $ : (iZn,0) -> (it!n,0) is a diffeomorphism-germ which preserves the germ 
of {n-l)-form {l±xn)dx\A- "Adxn-\ at 0 if and only if'$(x) = (#(xi , . . . ,xn_i),±xn) . 
where $ : (itn_1,0) —> (itn_1,0) is a volume-preserving diffeomorphism-germ. 

Proof. Firstly we notice that 

Kera = {X : X is a smooth vector field and X\a = 0} 

is {/af- : / is a smooth function }. Kera must be preserved by this diffeomorphism. 
Therefore <£>(x) = (#(xi , . . . ,xn_i),^(a;)), where # : (.Rn-\0) -» (.Rn_1,0) is a diffeo­
morphism and ip : (itn, 0) -> (it, 0) is a function such that J^-|0 7- 0. The hypersurface 
5 = {x € Rn : dax = 0} = {x E i?n : xn = 0} and the pullback of a to S must be pre­
served by $ too. From this we get that ^ preserves dx\ A • • • A _xn_i and finally that 
ijj{x) = ±xn . D 

We need the above lemma to prove the following result of local dM-stability of 
degenerate {n — l)-forms such that their kernels are tangent to the boundary. 
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Theorem 2. If a satisfies the following conditions: 

1. a0 + 0, 
2. da0 = 0, 
3. S = {x € Rn : dax = 0} is a germ of a regular hypersurface at 0. 
4. a germ of a smooth vector field X at 0. which satisfies the following 

XJa = 0, X(0)^0, 

25 k - l-tangent to dM at 0 (1 < k < n - 1), 

5. dxi A d(Cxxi) A d(C2
xxx) A • • • A d(£$T2Si) A d^^x^ ?- 0 

i/ien a is GM-equivalent to 

1 * 
(±-(xn)2 + l)(±dxi A • • • A dxn_i + (xn

 ! + ^XjXn
 2)dxnAdx2 A • • • A tfcn_i) . 

2 t=2 

Proof. By standard Martinet method we can find a diffeomorphism $ : (Rn, 0) —•> 
(1tn,0) such that $*a = (1 ± x2

n/2)dxl A dx2 A • • • A dxn_i and ^ ( S A I ) = 
{x e Rn : H(x) = 0}. It is easy to see that X = /(-c)gf^, where / is a function-
germ at 0 such that /(0) ^ 0. From condition 3 we get §^r|o = 0 for i = 1 , . . . , k - 1 
and |gr|o i1 0. By the Malgrange Preparation Theorem we have 

{x e Rn : H(x) = 0} = j x G IT : xn + J > ( a , i , . . . , Xn-i)*^1 = 0 J , 

where pi is a function-germ on 1?n which does not depend on xn for i = 1 , . . . , k. 
Now we reduce the above hypersurface to the normal form by diffeomorphisms which 

preserve 

(1 ± xn/2)dxi A dx2 A • • • A dxn-i. 

From condition 5 we get that the mapping P = (pu ...,£*) : (Rn~l, 0) —> (Rk,0) is 
a submersion. If k < n — 1 then there exists a volume preserving diffeomorphism 
* : (Rn~\0) -> (Hn"\0) such that 

D .W ^ /L V kX* ^ - 1 fcX* \ 

P o *(ari,... ,xn._i) = [kxu kx2, — , . . . , — - , — — ) . 

Now by a diffeomorphism of the form A(xi,. . . .xn) = (\I/(xi.... ,xn_i),xn) which 
preserves (1 ± xn/2)dxi A dx2 A • • • A dxn_i we reduce the hypersurface to 

I—£, 

Finally we use the diffeomorphism 

Xi «.--! . Г ( x ь . . . , x n ) = (- r + Y,—г- xn

 l ±xX)x2y...,xn). 
k iҐ2

г~l D 

Now we show that assumptions 4 and 5 of Theorem 2 are necessary for local 9A/-
stability of degenerate (n - l)-form. 
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Proposition 8. If a satisfies assumptions I. 2, 3, 5 of Theorem 2 and a germ of a 
smooth vector field X at 0, which satisfies the following 

X\(da) = ay 

is (n - 2)-tangent to dM = {x 6 Rn : X\ = 0} at 0 then a is not dM-stable. 

Proof. We reduce a to the form (1 ± xn/2)dx\ A dx2 A • • • A otan_i and dM to the 
form lx'Rn: xn~l 4- Y%=i Qi($u • • •. ̂ n-i)£n

_1 = 0J. By Lemma 5 a diffeomorphism 
$ which preserves (1 + xn)dx\ A dx2 A • • • A dxn_\ has the form 

$(z) = ($(xu...yxn-\),±xn), 

where $ : Rn~l —> Rn~l is a diffeomorphism which preserves (n — l)-form ctai A dx2 A 
• • • A dxn_i. It is easy to see that we cannot change the determinant of the Jacobian 
J(QI, • • •) Qn-i) by the action of these diffeomorphisrns. D 

Proposition 9. If a satisfies assumptions 1, 2, 3, 4 °f Theorem 2 for k > 1 and a 
does not satisfy assumption 5 then a is not dM-stable at 0. 

Proof. We may assume that X is 1-tangent to dM at 0. Then we reduce a to the 
form (1 ± xn/2)dx\ A dx2 A • • * A dxn-\ and dM to the form 

(11) {xe Rn \x2
n + q2{xu...,xn-l)xn + xi = 0 } . 

|^ |o = 0 for i = 2 , . . . , n - 1, because a does not satisfy assumption 5. By Lemma 5 
a diffeomorphism $ which preserves (1 -F xn)dx\ A dx2 A • • • A cfcrn_i and the form of 
dM (11) has the form 

$(x) = (xi,W{x2i... ,Xn-i),±Xn) > 

where ^ : Rn~l —> Rn~l is a diffeomorphism which preserves (n — 2)-form dx2 A • • • A 
dxn-\. It is easy to see that we cannot change Hess(q2(0,x2,... ,xn_i))- the deter­
minant of the Hessian of <l2(0,22,... ,£n_i) by the action of these diffeomorphisrns. 

D 
Now we present classification of locally cW-stable degenerated (n - l)-forms such 

that their kernels are transversal to the boundary dM. 

Theorem 3. If a satisfies the following conditions: 

1. a0 ^ 0, 
2. da0 = 0, 
3. S = {x € Rn : dax = 0} is a germ of a regular hypersurface at 0. 
4. a germ of a smooth vector field X at 0, which satisfies the following 

XJa = 0, X ( 0 ) # 0 , 

meets dM transversally at 0 and is tangent to S at 0, 
5. jk+la meets the following submanifold of the manifold of (k -f l)-jets of (n - 1)-

forms 

U yk+iP '• P satisfies at x the assumptions 1 - 4 , 
xedM 

(CXI3)X = 0 for i = 1,2,... , k - 1, (k < n), (£x/?)x / o} 

transversally at 0, 
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then a is GM-^ouivalent to 

k 

(12) (1 + Yixixi~1 ± x i )^ x 2 A • • • A dxn . 
i=2 

Proof. We use method described in [7], [8]. From condition 4, X and a can be 
reduced to the forms it-gf- and f(x)dx2A- • -Adxn, where / is a smooth function, such 
that /(0) T- 0 and 

(13) # / / , . . л • . o , , ð* / 
ô r 

H 0 ) = 0 , г = 1,2, •-• , f c - l , ^ ( 0 ) # 0 . 

Hence / is a universal deformation of the function f(x\, 0,.. . . 0) on the manifold with 
boundary and it can be reduced to the following form ([2]) 

(14) / ( i j r l + ^ l j - i - ' l l } , 
t=2 

Consequently, it is easy to see that a is OM-eqivalent to the form (12) (see [3] for 
details). • 

A germ, which satisfies assumptions 1-3 and 5 (for k = n) of Theorem 3 is stable 
at 0 (on a manifold without boundary) in the sense of Martinet's standard definition 
([7],[9]). It is not true in the case of dM-stability. 

Proposition 10, If a satisfies the following conditions: 

1. «o + 0, 
2. da0 = 0, 
3. S — {x e Rn : dax = 0} is a germ of a regular hypersurface at 0., 
4. a germ of a smooth vector field X at 0, which satisfies the following 

(15) X\a = 0, X ( 0 ) # 0 , 

meets dM transversally at 0 and is tangent to S atO, 
5. (Lxa)0 = 0 for i = 1,2,... , n - 1 and (Cxa)0 + 0, 

then a is not stable at 0. 

Proof. By the same method as in the proof of Theorem 3 a can be reduced to the 
following form 

g(x2,..., xn) (1 + Yl xix\~l ±X\)dx2A--Adxn, 
^ t=2 ^ 

where g is a smooth function, <?(0) 7- 0. Let /? = ba, where b € P, b ^ 0. One can 
show that a and /? are GM-eqinvalent if and only if b = 1 (see [3] for details). D 
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