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THE GENERALIZED GAUSS MAP OF MINIMAL SURFACES IN H3 AND H~ 

Ce.Ua. C. Gou a.nd Plinio A. Q. S.unou 

1. Introduction . 

The object of this paper is to establish conditions for a 

Ceo map of a R1·emann surface M ,·nto Q · the 
0

_ 2 , hyperquadric 
11· nn n1 z z + ••• +z z = 0 of tP • , to be the · generalized Gauss map 

of a minimal conformal immersion of Minto H3 and H4 , the 
. 

hyperbolic space of dimensions three _and four respectively .. Using 

the upper half-hyperplane as model for the hyperbolic space and 

exploiting the conformality between the metrics induced on M, 

_by the euclidean·metric and the hyperbolic metric through the 

immersion, we can adapt the -theory developed by Hoffman and 

Osserman [H-0,2] to obtain the conditions. _ 

2. Basic facts 

Let< , > be the usual euclidean metric on m" and let Hn and 
\ 

Rn· ~- n=3 ,4 , the set 
+ 

{(x,t) Ix E R"-1 , t > O} endowed with 

the nfe tr i cs ( , ) ( x ~ t ) .. -& .< , > and <,>respectively. Given 

·(x,t) E Hn , let x = (x 1 , ••• ,xn- 1 ,o) nn-1 h b ·Hn E ~ • Tusa, € 

implies that La,b( (x,t) ) = :: [(x,t)-a] + b 
n· bn 

H such that-L b(a) = b , (Lab)* (v) = : ~ v a, , a 

is an isometry of 

for all v in the 



0 

D 

tangent space T {Hn). Let M be a Riemann surface and . . a 
~(p) = {x(p),t(p)) be a conformal immersion of Minto Hn. If 

q c (O, ••• ,O,1) € H" , (L~(p),q)* sends Te(p}(H") isometrically 

onto Tq(Hn), which is Rn endowed with its usual inner product. 

Let G2(Rn) be the grassmannian of the oriented 2-vector 

~ubspaces of Rn. The map G: M ~ G2(Rn) defined by 

G(p)=(L 0~( ) )*(0* {T (M)) is the generalized Gauss map of 0. It is well - p ,q p p 

known that G2(Rn) can be identified 

Qn~2 = {(z] € a:pn-1/z = (z', ... ,zn) 

with the hyperquadric 
n 
l zkzk = O} of the 

k=1 
and 

(n-1)-dimensional complex projective space. Such identification 

will be assumed throughout this paper. 

Now let z = u+iv be local isothermal parameters for Mand let 

0 be a conformal immersion of M into lRn given by e{p) = e(p) 
+ 

(JJp € M). Then 

(2 .1) G(Z) 

ae ~0 1 . ae 1 ae" . aen n 
Where - - .. 1 /2 ( a , , ) .. az w - ~, ... ,· ·au - w € I, • 

If t(z) c (~
1(z),·-~•"Cz)) € t" is a homogeneous local 

expression of G(z), ther~ is 111: M---.. £-{0} such that 

(2.2) 

Let ds2 be the riemannian metric induced on M by 0 , 

a a - a 
= 1/2 <au -+ i .av> , b. the Laplace-Beltrami operator of M with az 

respect to ds 2 x2 
1

ae
1
2 = -

1
ae

1
2 

= 8U av° ' H the mean curvature 

vector of 0, it is well known that 



~ 

• 
(2.3) 

Indicating by · <<,>> 

t", let 

the usual hermitian inner product on 

(2.4) V = ct>_ - n <I> 
z 

, 

act> 
where ct> 2 = TT and n = 

<<ct> - ct>>> z ' 

Then by (2.2), (2.3) and (2.4) we have 

(2.6) 

3. The case n=3 

( 1 ogiJJ) _ = - n • 
z 

, 

Let v = (v 1 ,v 2 ,v 3) be the normal unitary vector field to 0(M) 
A A 

in~! · , C the extended complex plane and f: M--+ t the 

composition of the classical Gauss map of 0 with the stereographic 

projection with respect to the north pole of the euclidean unitary 

sphere. Then for z E U c C, we have 

( 3 .1) v(z) = 
1 (2 Ref(z), 2Im f(zL l f(z)! 2-1}. 

1 + ltCz) 12 

" · Identifying C biholomorphically with Q1 , through the 

corresponden~e t(w) = [1-w 2
, i{1+w 2 ),2w], t(~) = [-1,i,0] , 
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• 

t'"-1([z· 1_ 2 2_ 2 3]) z
1
+iz

2 
f 1 2 3 ., • • = - 23 , where w E: and z ,z ,z are 

homogeneous coordinates on Q1 c tP 2 , we obtain. 

(3.2) [4>] = [1-f 2 

' i (1+f 2 ) 
' 

2f]. 

Then from (2.4) we obtain 

2ff_ 
( 3 • 3 ) n z = , 

1+ l f l 2 

(3.4) V = -2f-V z 

If h is defined by H = hv 
' 

(2.5) and (3.4) imply 

(3.5) 

Therefore 

(3.6) 

-f-
h 

. z 
-

ijjC1+ I f l 2)2 

f- = 0 ~ h = 0 z 

Restricting to those z e u. where his non-zero, we obtain 

(3.7) 

Then (2.6) implies 

(3.8) . 

.. 
Let H 

... 

fzi 
= - - 2 f­z 

b~ the mean curvature vector of 0 1 2 = ( x , x , t ) . Than 

we ~ have . H ~ t 2 H + t~ 9v [G-S]. Hence the minimality of ~ 

implies 

(3.9) 



Then from (3.1) we obtain 

(3.10) 

Therefore 

(3.11) 

h = - If I 2 
- 1 

tC lf l2 +1> 

From the expressions of h given by (.3.10) and (3.5) we obtain 

(3.12) 

Since i is well defined on U, we can e~tend the ratio 

f-
__ %_ to U. Then it is straightforward to verify that If I~ -1 -

. (3.13) a = dz 

is a differential t-form globally defined on -M. 

' · Also (3.12) and (2.2) imply 

(3.14) 

From (3.10) and (3.13) we obtain 

(3.15) 



" 

Now it is straightforward to see that the differential 2-form 

(3.16) 

is globally defined on Mand so its vanishing is a necessary 

condition for~ to be the generalized Gauss map of~-
A 

Remark: · Through the identification of Q
1 

with IL, the existence 
... 

of wand a is ·independent from 0 • . w is defined on all Mand a 

at · all points of M where jf j2 ¢ 1 • 

... 
· Then assuming the existence of 0 we have that a is globally 

defined and so that 0
1 

= (1-f 2 )a, s2 = i(1~f 2 )a and 83 = 2fa are 

differential t-forms globally defined on M. 

Let us now state the results of this section. 

Theorem 1. - Let M be a connected Riemann surface and let 

G: M - Q1 be smooth. Then the following conditions are necessary 

for G ,to be the generalized Gauss map of 

immersion of Minto H3 • 

• 
a is globally defined 

We then have 

a minimal conformal 



~ 

f! 

. t ·, = _. ~xp(2JMReB 3) 

: (3.17) X~. = 2JM t ReB
2 

xl = zfM t ReB
1 

Proof: - The conditions 1) and 2) were already verified and the 

formulas in (3.17) are consequence of (3.14). 

Theorem 2. - Let M be a connected Riemann surface. - -If 0
1 and 0 2 

ar~ two minimal conformal immersions of Minto H3 having the 

same generalized Gauss map, then there is :· an...i:sometry T.: H3 - H3 such 

that Toe1 · - El2 • 

Proof: - From Hoffman and Osserman [ff-0,2] there is c, R, c ·~ 0 

and a 

02 .. 
sz -

vector d such 

(yl,y2,s) and 
-

c_t~ , But from 

· 2f - f = z . 

~ z 
l t I .. _, s 

that ·. 02 
.. ce1+d. 

d = {d 1 ,d 2 ,d 5 ) we 

(3.14) we obtain 

• -Then 

. ' 

t·f 0 1 = (x 1 ,x 2 ,t) , 

have s:~= ct + d~~ Then 

"'-
' 

and so d3 = o • . 

Now it is straightforward to see that T(x 1 .,x2 ,t} = c{x1,x2 ,t)+.{d~,d2 ,0) · 

is.an isometry of H3 • 

Theorem 3. - Let M be a simply connected, non compact and non 

parabolic Riemann surface and let G: M - Q1 be smooth. 

If f: M - i is the expression of G , obtained through the natural 



identification of Q1 with [ and lf l2 ~ 1 on M, the differential 

forms a and w are globally defined and the condition w = 0 

~ implies the existence of a minimal conformal immersion 0 of Minto 

H3 that has Gas generalized Gauss map. 

Remarks: 1) There is no minimal conformal immersion of 

~ Riemann surfaces that are either compact or have parabolic type 

in Hn. [G-SJ. 

2) - The condition l f l 2 - 1 implies the foll~wing 

(a) the image of the classical Gauss map of 0 is contained 

in one of the hemisphere of the unitary euclidean sphere; 

(b) the mean curvature vector of 0 never v.anishes; 

(c) f 2 never vanishes and so f is nowhere conformal. 

Proof: ltl 2 ¢ 1 implies the global existence ·of a and w = 0 

is ~the integrability condition of the system ~(3.14). This gives 

the local existence of e~ The global existence follows from 

theorem 2 and the simply-connectedness of M, through a standard 

monodromy argument. 

~ Theorem 4. - Let M be a Riemann surface and 0: M ~ H3 be a 

minimal conformal immersion. 
,._ 

If f: M _..Eis the generalized 

Gauss map (through the identification of Q1 with i) then the 

fzfz 
q·uadratic_ differential form Y = --- dz 2 is globally defined 

ltl1t-1 
and holomorpHic on M. 



,, 
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Proof: - (3.12) implies that Y is globally defined. The 

f f 
condition w ~ 0 - implies that ( 2 2 )- = O. 

It I .. -1 z 

... 
Corollary - If 0 is non totally geodesic its umbilic points -are 

isolated. 

Proof: ·- p E'. M is umb i1 i c for 0 if , and only i f ' it is umbilic 

for 0 ' 
that is if, and only i f ' fz(p) = 0 [ K]. Then p ; s 

umbil i c for 0 if p is a zero of y . but the zeroes of y , 

isolated points. 

4. The case n = 4 

In this case, the hyperquadric Q2 is biholomorphically 

identified with f x f through the corresporydence given by 
.... 

t(~ 1 ,w 2 } = [1+w 1 w2 ,i(1-w 1 w2 },w 1 -w 2 ,-i(w 1 +w 2 )] , 

t(m,w 2 ) = [w 2 ,iw 2 ,1,-i], t(w 1 ,m) = [w 1 ,-iw 1 ,-1,-i] . , 

are . 

t(m,m) = [1,-i,O,O], t-1([zl,z2,zS,z1t]) = ,z'-iz- : -z'+izlt) 
z1 -iz 2 · z 1 -iz 2 

wh~re (w;,w'.2) € ix f and · z 1 ,z 2 ,z 9 ,z .. are homogeneous coordinates 
" . "" :·. 21. dw l j 2 2] dw2 J 2 . 

on Q2 c [P 3 ~ Taking on t x t the metric ds 2 = - - . + - -
( 1 + I w 1 I 2 )2 ( 1 + I w2 I 2 )2 

and on Q2 the metric induced by the Fubini-Study 1 s metric -on 

tP 3 , ~ becomes an isometry. Then the generalized Gauss map 

decomposes naturally into a pair of functions (f 1,f2 ): M 

Moreover, if z = u+iv e U c It are isothermal parameters on M, we 



have G(z) = [~(z)] where 

- If we set 

than 

(4.3) · <<~(z) , A(z)>> = O ; 

· (4.4) 

Moreover 
-

-(4.5) - e .. /'l Re <t> , e _ ./'l Im <t> e =· /l Re A 
1 . 1. ~ I 2 - I ~ I • 3 . I A I 

is an · onthonormal fr~me of E4 adapted t~ the ·tmmersion 0. Then, 
I 

from (2.4), (4.1) and (4.5), we obtain 

(4.G) 

.. 
(4.7) V = 

where F1 = 

, . 



(4.8) 
2~ 1c 1 + I f 1 I 2 ) ( 1 + I f 21 ? ) 

Then 

(4.9) 

- N N But H = t 2 H + t(U 4) , where u4 = (0,0,0,1) and ( ) stands 
... 

for the orthogonal projection over the normai fibre bundle of 0. 

Then assuming that 0 is minimal we have 

(4.10) · H = - , [G-S] • 

This together with (4.5) imply 

-
(4.11) 

· Im (1-f1f2) -Re (1-f1f 2) 
h1 = ------- ' h2 _= -

t✓(1~ l t 1 1 2 >C1+ 1 f2 1 2 > t1c1+1f1 l
2 >(1+ 1f212 > 

Therefore 

4.12) 

From the expressions of h1 ~nd h2 given by (4.11) and -(4.8) 

we obtain 

(4.13) = ; 



.. . 

- ·-
(4.14) F1 ( 1 - f1f2) = F2(1 - f1f2) • 

· (f1)z 
; Since~ is defined at all ~oints of U, the ratios 

1-f1f2 

may be extended to all U. 

Then, the differential 1-forms 

(4.15) 

are globally d~fined on M. 

From (2:2) , (4.13) and (4.14) we obtain 

(4.16) 

(4.17) 

If we·set 

{4.18) 

0 = z 

and 



.t 

• 

we have two differential 2-forms globally defined on M. 

The existen~e of the minimal confo.rmal immersion~ having~ as 

itJ generalized Gauss map implies that a 1 ,a 2 ,w
1 and w

2 are globally 

defined and a 1 = a 2 and w1 = w2 = O. Then the differential 

1-forms s1 = -i(1+f
1f 2 )a 1 , 82 = (1-f 1f 2 )a 1~ 83 =-iCf 1-f2 )a 1 and 

s4 = -(f
1+f 2 )a

1 , a~e globally defined on M. 

Let us now state the results of this section. 

Theorem 5. - Let M be a connected Riemann surface _and let 

G: M -- Q2 be smooth. Then the following conditions are . necessary -

for the existence of a minimal conformal immersion 

0 = (x 1 ,x 2 ,x3 ,t) of Minto H4 : 

1) . a 1 and a2 are globally defined and a 1 _ a2 , 

2) w1 = w2 = 0 • 

Moreover, if these conditions are satisfied, we have 

t = ·expt2JMReS 4] 

3 2J~ Re 83 X = 

(4.19) 
x2 2J ~ = Re 82 

... x1 2J ~ Re s, .. 

Proof: - It temains only to prove the formulas in (4.19), but they 

follow ·from (4.16). 



Theorem 6. - Let M be a Riemann surface and let ~1,~2 be minimal 

conformal immer~ions of Minto H
4

• If ~1 and ~2 have the same · 

generalized Gauss map, then there is an isometry T: u4 - H4 such 

that Toe 1 = 02 • 

Proof: - It is similar to that one of theorem 2. 

Theorem 7. - Let M be simply connected, non compact and non 

parabolic Riemann surface and let G: M ~ Q2 be smooth. 

I! f 1 ,f2: M ~ f are the components of G. obtained through the 
A A 

natural identification of Q2 with t x t, and 1-f1f 2 ~ 0, the 

differential forms a1~a2,w1 and w
2 are globally defined and the 

conditions a 1 = 0.2 an~ w1 - w2 = 0 imply the existence of a minimal 

conformal immersion 0 of M into H4 that has G as its generalized 

Gauss map. 

Remark: The hypothesis imply that the mean curvature vector of 0 
'-. 

never vanishes and that _Cf1>z and Cf2)z never · vanish 

Proof: 1-f1f2 ~ 0 implies ·. the global existence of at and a2 
Besides, the conditions a 1 = a2 , w1 = w2 = 0 are the integrability 
conditions of (4.16). Therefore 0 exists locally. The global 

existenc~ of 0 follows from theorem 6 by a straightforward 

monodromy argument. 

.. Theorem 8. - Le~ M be a connected Riemann surface, 0 be a minimal 

conformal immersion of M into H4 an.d f 1 ,f2: _M - -i the components 

of its g~neral ized Gauss map, obtained through the natural identification 
· '\ 



of Q2 with t x t . Then the quadratic differential form 

y = 
(f1)z(f2)z(f1)z(f2)z 

---------------- dz 2 

c 1-t 1 f 2 > ( 1-f 1 t 2), 1 +If 112 > ( 1 +If 212
) 

~ is globally defined and holomorphic on M. 

i;: 

Proof: - The global existence follows from (4.13) and the conditions 

a 1 = a 2 and w1 = w2 == 0 imply that Y is hol.omorphic.-

... 
Corollary - If 0 is non totally geodesic the umbilic pointz and · 

the umbilic directions of 0 are isolated. 

5. Final .·remarks 

1. If in . (3.1) we consider the stereographic projection relative to 

the south pole of the unitary euclidean sphere~ the identification 
"' of Q1 with I is made through the correspondence . 

~(w) = [w2-1,i(w2+1),2w] , ~(oe>) = [1,i,0] , 

, wher.e and · z1 ,z 2 ,z 3 are 

. 2 
homogene~us coordinates on Q1 c tP • Then instead of (3.14) we have 



· ,ii 

., 

• 
l) 

0 = z 

·.tf 
__ z_ (f 2 - 1 , i(f 2 + 1), 2f) 
If 1- -1 

a:nd·· the conclusions are similar. 

2. If we set f1 - f2 - if, on the case n=4, we recapture 

case n=3 on the totally geodesic submanifold 

X3 = 0 of H" . 

References 

[G-S] 

[H-0,1] 

C~ Goes and P. Simoes. Some remarks on minimal 

immersions in the hyperbolic space. (preprint). 

O.A. Hoffman and R. Osserman. The Geometry of the 

generalized Gauss map. AMS- Memoirs 236(1980). 

' 

the 

[H-0,2] ' ______________ The Gauss _map of surfaces 

[Kl 

in Rn.- J. of. Diff • . Geometry 18 (1983) 733-794. 

K. Kenmotsu. Weierstrass formula for surfaces of 

prescribed mean curvature. Math. Ann~ 245 (1979) 89-99 

Institute de Matem;tica e Estatistica 
Universidade de Sao Paulo 

~ 

Cidade Univers4t~ria "Armando Salles de Oliveira" 
Caixa Postal 20570 CEP 05508 
Sao Paulo~ Brasil 



,II 

... 

• 
e 

'rJV\nl\r.nos 
DO 

DEP1\RT1\"1P.N'I'O OF. Ml\TEMA'rICJ\ 

TITULOS PUBT,ICl\DOS 

8001 - PLETCH, A. Local freeness of n rofinite qroups. Sao 
Paulo, IME-USP, 1980. l0p. 

8002 - PLETCH, A. Strong comnleteness in profinite grouns. 
Sao Paulo, IME-USP, 1980. 8p. 

. 8003 - CARNIELLI,. W.A. & ALCANTARA, L.P. de. Transfinite 
induction on ordinal configurations. Sio Paulo, 
IME-USP, 1980. 22p • 

8004 - JONES RODRIGUES, A.R. · Integral reoresentations of 
.ciclic p-groups. Sao Paulo, IME-USP, 1980. 13p. 

8005 - CORRADJ\., M. & ALCANTARA, L.P. de. Notes on many -sorted 
systems. Sao Paulo, IME-USP, 1980. /25/p. 

8006·- POLCINO MILIES, F.C. & SEHGAL, S.K. FC-elernents in a 
group ring . Sao Paulo, IME-USP, 1980. /10/p. 

8007 - CHEN, c.c. On the Ricci condition and minimal surfaces 
with constantlv curved Gauss · mao . Sao Paulo, IME-USP, ·· · 
1980. l0p. 

8008 CHEN, C .c. ·- Total curvature and toooloq ical structure of 
complete minimal surfaces. Sao Paulo,_IME-USP, 1980. 
2lp. 

8009 - CHEN, C.C. On the imag e of the generalized Gauss man of 
4 a complete minimal surface in R. Sao Paulo, IME-USP, 

1980. Sp. 

.8110 - JONES RODRIGUES, A.R. Units of ZCcn. Sao Paulo, IME-USP, 
• ... ! 1981. 7p • 

. 8111 - KOTAS, J. & COSTA, N.C.A. da. Problems of modal and 
discussive logics. Sao Paulo, IME~USP, ·1981. 35p. 



• 
t 

. .. .. 

. 8112 - BRITO, F. B. ~ GON~ALVF.S, D. L. Alcrebras nao associativ~s, - - · 
sistcrr.ils eiferenciais noJir.or.iiais hor.io~ncos e classes 

caractcristicas. Sao Paulo, IMF-USP, 19€1. :1p • 

• 8113 - POLCUJO ?!!LIES, F.C. ~roup riras whose torsion units 

forrr. a guboroun II. sio Paulo, IME-GSP, 19Cl. lv. 

(nao paginaco) 

• .811.4 - CHF.N, C. C. 1'n e J el!'.entarv nroof of C'alar.i 's theorer.-s on 

, holor.tornhic curves. Sao Paulo, HT-t'SP, · 19?.l. Sp. 

8115 - COSTA, N. C .1· . da & l:.LVES, E .H. Pelations between n2.ra­

consistent loaic a~d manv-valuee loqic. sio Paulo, 

IME-USP, 19El. 8p • 

• 8116"•- CASTILI,A, M .s .JI •• C. On PrzvmusinsJd 's theorem. Sao Pau­

·10, IME-USP, 19el. €0. 

8117 - CHEN, c.c. & GOES, c.c. Decrer.erate minimal surfaces in 

R4 • Sao Paulo, I!~-VSP, 1981. 2lp . 

. 8118 - CJ!..STILLA, ?1.S .A.C. Imaqer.s inversc1.s ce alqurr:as anlica-

2oes fechadas. Sao Paulo, INE-l1SP_, 1981. llp. 

-· . 8119 - AAAGCNJ.. VALE JO, A .J. & EXEL FILHO, P.. . 1>.n infinite dirren-
-·. 

sional version of 1:artocrs' exter.sion theorem. Sao Pau 

lo, n,w.-rsP, 1981. 9p • 

.81~0 - GCN\}LVES, J.Z. Grouos rinos with solvable ur.it crrouos. 

• Sao Paulo, I?-'E-USP_, 1981. 15pe 

.., 
. 8121 - ·c}'.RNIELLI, W .A. & ALCP!-!TA~., L.P. de. Paraconsistent al­

gebras. Sao Paulo, IME-USP, 1981. 16~ . 

. 8122 - GONC~VES, D.L. Nilnotent actions. Sao Paulo, IME-USP, 

19111. lOp • . 

. 8123· - COELHO, S.P. Group rings with units of bounded exponent 

over the center. Sao Paulo, IME-USP, 1981 • . 25p. 



"\. 

. . 
• 
•• 

8124 - PARMENTER, M.M. & POLCINO MILIES, F.C. A note on isomor­
phic grouo . rings. Sao Paulo, IME-USP, 1981. 4n. 

8125 - MERKLEN GOLDSCHMIDT, H.A. Hereditary algebras with 
maximum soectra are of finite tyne. Sao Paulo, 

· IMC-USP, 1981. lOp. 

• 

8126 POLCINO MILIES, F.C. Units of grouo rinqs: a short survey 
Sao Paulo, IME-USP, 1981. 32p. 

8127 - CHEN, C.C. & GACKSTATTER, F. Elliotic and hyoerelliotic 
functi~ns and comolete minimal surfaces with handles. 
Sao Paulo, IME-USP, 1981. 140. 

. 
8128 - POLCINO MI~IES, F.C. A glance at the early history of 

group rings. Sao Paulo, IME-USP, 1981. 220. 

8129 - FERRER SANTOS, W.R. Reductive actions of algebraic gro~os 
•.on affine varieties. Sao Paulo, IME-USP, 1981. 52_p__. 

8130 - COSTA, N.C.A. da. The ohilosonhical imoort of naraconsis­
.... _ tent 1 o g i c • Sao Pa u 1 o , I M E -U S P , l 9 81 . 2 6 o • 

8131 - GONCALVES, D.L. Generalized classes of grouos, soaces 
'c-nilnotent and "the Hurewicz theorem". Sao Paulo, . 

IME-USP, · 1981. 30p. 
.... ---...... 

8132 - COSTA. N.C.A. da & MORTENSEN, Chris. · Notes on the theory 
~of variable binding term ooerators. Sio Paulo, IM~-US~ 
1981. 18p. , 

8133 - MERKLEN GOLDSCHMIDT, H.A. Homo genes l -hereditary algebras 
··with maximum soectra. Sao Paulo, IME-USP, 1981. 32p. 

8134 • PERESI. L.A. A note on semiorime generalized alternative 
algebras~. Sao Paulo, IME-USP, 1981. lOp. 

8135 • MIRAG~IA N~TO, F. On the preservation of elementarv es!.!_­
~vilence and embedding bv filtred oowers and structures 
of stable continuous functions. Sao Paulo, IME-USP, 
1981. 9p. 



Ii 

II . 

• 

8136 - FIGUlllREUO, G.V.R. Catastrophe theory: some ctohnl theory 
. a full proof. Sao Paulo, rm-USP, 1981. 9lp. 

8237 - COSTA,_ R.C.F. On ·the derivations of gametic nl~chras. Sao 
Paulo, I~E-USP, 1982. 17p. 

8238 - FIGUEIREDO, G.V.R. de. A shorter proof of the Thom-Zeeman 
global theorem for catastrophes of cod, 5. Sio Paulo, 
IME-USP, 1982. 7p. 

8239 - VELOSO, J. '·l.~1. 

sitive c:=i.se. 
Lie ea11ations and !.ie nl!'.ehras: t1c intr:in-

8240 GOES, C.C. Some results about minimal imMersions havinq flat 
- normal bundle. Sao Paulo, HtE-USP, 19~2. 37p. 

8241 ·- FERRER SANTOS, ti/'. R. Cohornol o~v of corno~ules I I. Sao Paulo, 
!ME-USP, 1982. · !Sp. · 

8242 - SOUZA, V.H.G. ·ctassification of closed sets and diffeos of 
. one-dimensional manif cids. Sao Paulo, !ME-USP, 1982. lSp. --

8243 GOES, C.C. The stabilitv of minimal cones of codimension 
greater than one in Rn. Sao Paulo, IME-USP, 1982. 27p • 

.. .... "' ..... 

8244 - PERESI, L.A. On automornhisms of rrametic alcrehras ·. Sao 

Paulo, U.1.E"'.'USP, 1982. 270 • 

8245 POLCINO MILIES, F.C. & SEHGAL, S.K. Torsion units in inte­
·gral group rings of metacyclic groups. Sio Paulo; · IME-TTSP, · 
1982. 18p • 

... ... 
8246 - GON¢ALVES, J.Z. Free suharouns of units in qroun rinqs. Sao 

Paulo, IME-USP, 1982. 8p. 

8247 :F VELOSO, J'...M.M. New clas·ses of intransitive siMnle Lie nsendo­
groups. Sao ~aulo, IME-USP, 1982. Rp. 



Iii 

"· .. 
• 

8248 - CHEN, C.C. The generalized curvature elli pses and minimal 
surfaces. Sio Paulo, !ME-USP, 1902. lOp. 

8249 - COST~, R.C.F. On the derivation alqcbra of zygotic al 9curas for p'll yp loidy with multipl ·e alleles. Sao Paulo, 111[-USP, 1982. 24p. 

8350 - GO:l~ALVES, J.Z. Free subgrouns in the group of units of 
group rings over algebraic integers. Sio Paulo, IHE-USP, 
1983. 8p. 

8351 - MANDEL, A. & GO~~ALVES, J.Z. free k-triples in linear qrougs. Sao Paulo, !ME-USP, 1983. 7p. 

8352 - BRITO, F.G.8. A renark on closed nininal h y □ ersurfaces of·· s 4 w i. th s e C O n d .. f u n d a r:, e n t a l f C r □ 0 f C O n s t a n t l e n (j t il. s a 0 . Pau16, l~E-USP, 1933. 12p. 
.. -.-.-

8353 KIIHL, J.C.S. LI-structures and sphere bundles. Sao Paulo, !ME-USP, 1983. Sp. 

8354 - COSTA, R.C.F. On genetic al gebras with orescribed deriva­
tions. Sao Paulo, IME-USP, 1983. 23p. 

8355 - SALVITTI, R. I~te qrabilidade das distri~uic5es dadas · oar . subal gebras de ·Lie de codinensio finita no gh ( n,C ) . 
Sao Paulo, IME-U~~. 1983. 4p. 

8356 - MANDEL. A. & GON~ALVES, J.Z~ 
free k-Tuples of matrices • 
1 Sp. 

Construction of open sets of 
Sia Paulo, !HE-USP, 1983. 

a357 - BRITO, F~G.B. A remark on minimal foliations of codi~en- · sion two. _Sio Paulo, IME-USP, 1983. 24p. 

8358 - ~ONCALVES, ~.Z. Free grouos in subnormal sub groups and the · re~idu,) nilpotence of the group of units of group rin gs~ Sao . Paulo, IME-USP, 1983. 9.p. . ' 



f ' 

., 

8359 - BELOQUI ," J .A. Modulu!; of stability for vector fields on 
3-manifolds. Sio Paulo, IME-USP, 19B3. 40~. 

8360 - GON~ALVES, J.Z. Some r,rouns not subnonnal in the r,roun 
of units of its inteeral ~roun ,rin~. Sao Paulo, IME-
US P , 19 8 3 • 8 p • 

8361 - GOES, C.C. & SIMOES, P.A.Q. Imersoes minimas nos esna90s 
hiperbolicos. Sao Paulo, IME-USP, 1983. lSp. 

8462 - GIAM BRUNO, -A.; MISSO, P. & POLCINO MILIES, F.C. Deriva-
tions with invertible values in rinp:s with involution. 
Sao Paulo, IME-USP, 1984. 12p. 

8463· - FERRER SANTOS, \LR. A note on affine ouotients. Sao Pau­
lo, -IME-USP, 1984. 60. 

8464 ~ GONCALVES, J.Z. Free-subgrouns and the residual nilooten­
ce of the ·g rou~ of units of modular and p-adic grou£ 
rings. S~o Paulo, IME-USP, 1984. 12p. 

8465 GONCALVES, D.L. Fixed points of s1-ftbrations. S[~ Plu16~ 
IME-USP, 1984. 18p. 

8466 - .RODRIGUES, A.A.M. - Contact and equivalence of submanifolds 
of homogenous spaces. S~o Paulo, IME-USP, 1984. 15p. 

' 8467 - LOURENCO. M.L. A projective limit ·representation of (DFCl -
spaces with the approximation property. Sio Paulo, IME­
USP. 1984. 20p. 

8468 - FORNARI 1 S. Total absolute curvature of surfaces ~ith boun-.,. 

... . dary . Sao Paulo 1 IME-USP, 1984. 25p. 

8469 - BRITO, F.G.8. & WALCZAK, · P.G. - Totally geodesic foli~tions 
with inte gral normal bundles. Sao Paulo, · H!E-USP, Et84. 
6p. , 

,. 

8470 -·LANGEVIN, R. &.·POSSANI, C. Quase-folheacoes e integrais 

de curvatura no Dlano. · Sio -Paulo, IME-USP, 1984 • . 26p. 

1: 



I( 

"i 

. . . . 

8471- - OLIVEIRA, M.E.G.G. de Non-orientable minimal surfaces in 

RN. Sio Paulo, IME-USP, 1984. 41p. 

8472 - PERESI, L.A. On baric al oebras with prescribed automor­

,e!!isms. Sao Paulo, IME-USP, 1984. 42p. 

~8473 - MIRAGLIA NETO, F. & ROCHA FILHO, G.C. The measurability of 

Riemann inte grable functions with values in Banach snaces 

and apnlications. Sao Paulo, IME-USP, 1984. 27n. 

8474 

· ,• 

, , 

. .... . .... . 

MERKLEN GOLDSCHMIDT,· H.A. Artin algebras wich are equiva­

lent to -a hereditary algebra modulo nreoroiectives. 

Sao Paulo, IME-USP, 1984. 38p. 

"' 

·----:-

. . . 




