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Abstract

In this paper we employ — operations and characteristic classes to study
nonexistence of higher order nonsingular immersionsf Dold manifolds into a
Euclidean space.

1.0 Introduction

In [1] ,[2] and [3], Atiyah, Feldman and Pohl has@nsidered higher order tangent bundles of a smwainifold M and
the higher order nonsingular immersion of M intockdean spaces. In [4], [5] and [6], Suzuki obtairsome higher order
non-immersion theorems of projective spaces intdifi&an spaces or projective spaces by means cdatieaistic classe$,
— operations and spin operations. In[7] ,[8] and[dhare, Mukerjee and Yoshioka obtained completentdas of Stiefel-
Whitney classes of higher order tangent bundlesoafplex projective spaces and Dold manifolds arlieg the results to
higher order non-immersions of these spaces. Theopa of this paper is to prove a higher order inomersion theorem for
Dold manifolds, using}-operations and characteristic classes.

Preliminaries.
Let M be an n-dimensional smooth manifold. Suppbg#) be the 4 order tangent bundle of M, the(W) is a

smooth V(n,q)-vector bundle, where v(n,qﬁlj—")—l . SetT (M) =V(n,q) —T(M) in [KO]~(M).Let A'p" andX-dim be as

defined in [1]. Let V(M), W9(M), Wi%(M), andwi%(M) be total, dual total, i — dimensional and dualimensional Stiefel —
Whitney class of J{M) respectively. Lets, denoteqth order nonsingular immersion @hgits negative. We have the
following theorem.

Theorem L1Following Mukerjee [8] and Suzuki [4].

a.lf MCR™®*! thenW= 0 for i> u 20;

b .If M R then WA=0 for 0= u> -i;

c. If MSR™P* thenp'( T%(M))=0 for i>u = 0;

d. If M R ™D thenp' (- T°(M)) =0 for 0Z u> -i.

Letp' : KO(M)— KO(M) {orp' : K(m)— K(M)}(i=1,2,3,...) be the symmetric ith power eqation which has the
following properties from [3].

(). n° =0, (ii).p’x=x ,

(iii pi(x + y) =YW x . py for x,yeKO(M). Then,

Theorem 2.In ([3]), T¢(M) = p¥(T(M) +1) — 1.

Nonimmersion theorem and its proof.

Let Rq™, Cq" andD(m,n) be m-dimensional real, n-dimensional comgimjective spaces and a Dold maniford
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manifold of type (m,n) respectively. In this seatiove will show the higher order nonimmersion ottggn forD(m,n). Let Y
: K(m) -»K0(m) be the realification. Let andéabe the canonical line bundles oRegf" andCq", respectively. Lep anda
be the bundles ovB(m,n) which are defined in [10]. We have the faling:

Proposition 1.In [10] we have a 1- plane bungland a 2 — plane bundi& over D(m,n) such that
@0). Fo=9 jra=Y(d), txa =1+Y;
(i) o®o0=1, ¢ ® a=awherei:Rq™> D(m,n),j: Cq"— D(m,n) are inclusions.

Theorem 3Using [7] and [10(D(m,n))® ¢ ®2 = (m+1l) & (n+1 )a. Now, let: Rqg™- D(m,n),j: Cq'-
D(m,n) be inclusions. From theorem 2, theorem 3 aadhtitural property of , we have,

Theorem 4.
. . n+g—i—1N\/m+n+i
(I) t* lq (D(m: 1’1)) = Zo<oddi§q( Z —1i ) ( i )(P
n+q—i—-1N\m+n+i
+20§eveni§q ( Z —i ) ( i ) - 1;

M irr@mmy=—y " ("I e @)-1,

from Theorem 4 we get,
* qu (D(m, n))=— 20<oddi§q (
where ¥ =¢ — 1. By [1] and [7],
we obtain B'(i * 7,° (D(m,n)) ) = iZi'l(G + ll B 1) y

R (a3

andf(~i* 7’ (D(m,m)) = +27()w
where
n+q—i—1 +n+i

G = Zo<oddi§q( Z —i ) (m lTl l)'

Hence'(i * 7> (D(m,n)) ) =0 2"1(6 +; - 1) = 0 mod 2™
andp'(—i * 70 (D(m, n))) = 0@2"1(?) = 0 mod 3™,
where[](m) = number of integer@ for0 <Q<m andQ =0,1,2, or 4 mod 8.
Applying the same method as in [9],

5+i—1)19i,

we can gefi(j * 74(D(m,n)))= ( )19' andi(j * 74(D(m, n))) ( i

whered = generator of B(Cq" ' Z, )

m+q—i—=2\2n+i+1
and§ = %20<oddi§q< (;I_ i ) ( i )
Let us defing, = ma>{i li > 0,202 (G + zl B 1) E) modZ”(m)},

92~ max{i li >0, 211 (G) 0 modZ"(m)} ,

=mafilo <i = m (“* 7N 2 omod2},gp =ma{ilo <i = m,(§)z omodz},
s=mafilo < i =, (‘”i 1)55 0Omod2},
s=ma{il0 < i =n, (‘f) = 0mod2}f,=max{g, gi 3ihf2=max {g.g5 32

Theorem 5.1f -f,<B <f; , therD(m, n) quv(m+n,q) +B
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Proof. Using the natural propertiespboperations andStiefel —whitney class, we hawat th

B * g’ (D(m,n)) #0, P(=i* g’ (D(m,m)) #0,

K (i * 74(D(m,n))) # 0 andKi(j * 7o(D(m,n))) # 0

this impliesp'(i * 7,” (D(m, n)) ) # 0,

B(=i* 7’ (D(m,n))) # O,

K4D(m,n))) # 0

and

Ki(D(m,n)) ) # 0, respectively.

Remarks.

() In Theorem 5, if we use Pontrjagin classeseadtof Stiefel-whitney classes,then when q =1 wever the main
results of Ucci [10].

(i) In [6] and [9], Suzuki and Yoshioka obtaingéite following formul&“(D(m,n)) =(1 + ¢)¢' (1 + ¢ + 0)¥
,wherep, ¢ are the classes which are defined in [10]. Framftirmula we obtain the following results.

Theorem 6.

Let 4= ma>{i [0< i=0+20= m+2n, Tozpemin (@, &' =) (ac_lﬁ) .

* R % Omod 2}.
5,2:ma){i|0 <i=0 4209 = m+2n,20§5§mm (6,2“—5’—19) (G’_alj/?_ﬁ)*(zu_#iﬁ);lw
i 2n+q+i+1 _im+2(g-)-1 (n+2-1i m+q—i—2
Wheres —%Zogeuenigq{( i )+(—1)p IT(nz—lil)}*( m— 2 )
" _ 2n+q+i+1l\m+q—-i—2
5 = Doz (PO T (MO

If¢ is an integer such that §'1<¢< &', ,then@(m, n)) ERV(M*2n4 )¥ Now we give some examples to show that in

#Z Omod 2}.

),u is an integer such that>max {mn,¢§’' -1}

some cases our theorem 5 can give sharper nonrgioneesults than the above theorem.

(1) Whenq=1, thet' =m,

6=n+1l, G=m+n+1p=n+1 Let(m,n)=(141).

ThenK(D(m,n)) = (1+¢ )** (1 +¢ +n)?>=1 and theorem 6 gives no information.

By direct calculations we have# 4. So we have :

Corollaryl. D(14,1) R'®*% & = 3. Ingeneral, let (m,n) =Y2', 2-1),y= t=0.

Then K(D(m,n)) = (1+¢ )? (1 +¢ +1)* =1 and theorem 6 gives no information. By dikiculations we have
f,2 242 1) -y if t=1 = 22ify =4 and t = 0. Then we have:

Corollary 2. (a) If u<2-1(2"-1)-y, thenD(m,n) & R™*™" where (m,n) = 2-2, 2'-1), y=t= 1.

(b) In ([1]), if ¢ < 2%, therD(m,0) ¢ R™*¢ wherem=2%1,y= 4.

(2) when q =2, therG’ = (n+1f -m, &’ = (n+1)(m-1), G= n(m+n+1). Let (m,n) = (12, Fherk¥(D(m,n)) = (1+¢
)* (1 +¢ +n)* =1 and theorem 6 gives no information. By direetculations we have £ 4, § ==4. Thus we obtain:

Corollary 3. D(12, 3) &,R18%¢,-3= ¢ =3 .

Now, let (m,n)= (2-2, 2 -1), y=t = 1. ThenK(D(m,n)) = (1+¢p ¥ (1 +¢ +1 @21 = (1+¢)?»@D =1 and
theorem 6 gives no information. By direct calcuat we have, B 272" -1) -y, §= 2"%(2"* -1) —y. thus we obtain:

Corollary 4. If 2% (2 -1)+y << 242" -1) —y , theD(m,n)) E,R?™+2n 2)¢ where (m, n) = (2-2, 2 -1) ,
y= t =1,
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Conclusion

We usedf§ — operations (Pontrjagin) and Stiefe-Whitney aas® show higher order nonsingular immersiondati
manifolds. Tangent bundles of manifolds at poirtrg applied for the prove. p'(i * rqo (D(m,n)))#0 and P'(-i* rqo
(D(m,n))) #0.

AlSoK; (i * 74(D(m,n))) # 0 and Ki(j * 7o(D(m,n))) # 0.
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