
CHAPTER 2. G.STRUCTURES

In this chapter, H€ will discuss the baslc definiIion of

G-structure of a manifold anel Its relat.ed concepts, examples on

G*str-ucture and thre eonst,rucLion of l.ransltion funcLiotrs on the

sphrres and real projective spaces. Uy observlng the transitiot't

t.gt1rt.it:ns on a manifold, w€ can draw posltive conclusions about

tl're existence of certal,n slructures on the manlfold.

2.1. Basi.c def inltions

Let. P and H be manlfolds and G a Lle

fibre bundJe P over H wlth structural group G

action of G on P whlch fulfllls the followlng

group. A princiPal

conslsts of a rlght

condlLions:'

r.rJ

(ii)

G acts freelY on P,

There is a C'surjective map from P onto M denoted by

lr:P+|'.t.

(iii )

that:

tlJ

From the definit,ion of prlnclpal fibre bundle' we observed

P 1s local lY trlvial,

neighborhood U such that

The diffeomorPhism is

that rl(u) = (n(u),rP(u)),

into G satlsfYing <P(ua)

LJ.

1

The rnap g : n-'(x) + Q is bi jective for

1.e. for every x e M there ls a

-1n-^ (U) ls diffeomorPhlc to U x G.

-1glven by {r : n "(U)' U x G such
a

where g ls a maPPlng cf t-'(U)
_,1

= g(u)a for all u € TI ^ (U) and a €

allxeM.



(ii) The group G acts

ur,rz . ,r-1(*) and g

(iii) For each open set V (

transitlvely on ,r-1(*)

= tf (u, ) )*1Vr(ur) Lhen r1B =

u, o-1(v) is diffeomorphic

s i ncer

u.,.
/.

toVx

an open set U of M

ForeachmeUand

if

Lt.

A p;"ineip;rl fiLirer trurrdlt: over M r.rit"h;rrojection n is denoted

ns ilt!"1,C,nJ or P(M,C) or simPlY P.

Example 1 (Bundle of Bases)

Let Mn be a mani.fold and B(M) the set of (n+1) Luples

{m,er, "..,*n) l,there (er,.,.,QnJ is a set of basis of Mm' The

proJection n is defined as n(n,er,.,,*,*n) = m. The general linear

group GL(n;R) acts on B(M) on the right as (m,er,..,,*n)g = (m, I

8it*ir. ', I gir,*i) where g = (glj) e GL(n;R)'

Let {xr, . . . , xn} be the coordlnate maps on

"na {3 3} o" the standard basls of TU.
td*t' 'oxn)

basls {"1, . ,€n} of

such that (m, er, . ,€n

,

1*1 onto correspondence F between tr-'(U) and U x GL(n,R) glven by

F((m,e.,...,e-)) = (m,g). Thus the local coordinate of B(M) can
lIr

be written as {(Ui x GL(n;F), x, x xrr)} where xrr ls the standard

coordinate charts of GL(n;R). Hence B(M) ts a manlfold and it |s

easy to see that the projectlon map is dlf,ferentiable' Ihe

manifold B(M) ls called the bundle of bases for the manifold M'

The dimenslon of B(M) ls ,,2 * ,r. From the constructlon of local

coordlnates of B(l'{), 1t ts clear that B(M) ls a principal f lbre

bundle over M with fhe stntctural group GL(n;R) and canonical

projecLion rt.

there is a unique element g e GL(n;R)

( a 6\
|.rn,4 attj-' Therefore there Is a

Mi
m

)a



Bundle of Bases B(M) plays an lmporlant role In the sLudy

of G-strucfure of M.

'l'he map *oF is wcll def lned for tf n(u,) = n(ur) = X, t'hen

-l
ul = ueg for sone g € G and *rr'(x) = 9o(ur)(e,3(u1 )) ' =

-t -1 - -1 ., , ,,-1
va(uzg)(,r,U(uzg))' = ro(ur)B' g' [,1,r(ur) J' = 9o(u2)le,t(ut)l

Furthermore, for x € Ur, ^ Uii ^ Ur, the transition funct.lons

fulfilt the foilowing relations:

Vlrr'(x) = Var(x)0rU(x)

Therefore, P*o(x) - e and r/o'(x) = U'lt*f

Iransition f,unctions of the prlnclpal' f lbre

with respect to a set of open covering {Ua}

mapping,s *oB, Uo ^ ,,1, -, (; def ltred by 0orr(n(u)) =

-1where u € r '(U* 
^ UF) and 90( ls the mapplng

clel-initlon of princlpal f-lbre bundle.

bundle P (M, G, n )

ls a fami Iy of

I (u)(rp^(u))-r,'c p

defined in the

gave a constructlon of prlnclpal fibre

of transltlon functions and an open

of tt?) ls as follows:

{Ue} an open covering of M and G a Lle

*oB , Uo n UU 'G for everY nonemPtY

V,/*)$TF( ) for each x e u* ^ ull ^ ur,

princlpal f j.bre bundle P (M, G ) wi th

M and {*ol3} tne transitlon

to the open covering {Ua}.

Kobayashl and Nomlzu

bund l.e based on a set

coverlng, ProPosltlon 5' Z

LetMbeamanlfold,

group. Glven a maPPing

Uo ^ UU such that 9o'(x) =

then ue can construct a

transitlon functlons t/*U.

Let {U } be an open coverlng of
a,

functions of P(M,G' , tr) correspondlng



Let G be a subgroup of G' If f*il(*) eG for all xeUo^U/, for

the covering {Ucr}, then the structura! group G' is sald to be

reducible to G. The exlstence of an open coverlng {Ue} and the

transitlon functlons i.s called a G-structure on M {uith respect to

the p,iven principal l'1br-e Lrundle P(M,G' ,n) ).

Kobayashl and Nomizu i1?l userd subbundle to define G-

s;lructure. Chern iA: consldered the rcduction of the brtnclle of

Liiis*s c'nly" In generttl, the r*ducLion can be done on any

principal fibre bundJe, but bundle cf bases 1s commonly used.

From here onwards, [he reduction ls resfrlcted to bund]e of bases

unless specified otherwise.

T nl

set of

9Fi tD, f 1,

(m,e1,

st ructure

{*1' ' '

basis

. . . ,frr)

'tn )

can be

.,en) Ue a set of basls on U*

of Up such that ga{ (rn, €1,

)-I for all n€Us^UF. If

where g = (gij) then fpr(nn) =

reformulated as follows:

and {fr,.,.,fni a

...,en)) = I and

(m,f, fn)g =

g. Therefore, G-

There exlsts a G-structure on H if and only if there is an

open coverlng {u6} and n-frames {eo} such that (m,eu)g = (m,eo)

with g € G for all m € u& ^ uF and all cr, F. These n-frames are

called adapted (perrnisslble) n-frames'

A homomorphlsm f : P'(M"G') * P(M,G) Ls called an imbedding

if f : P' + p is an lmbedding and lf f : G' + $ ls a monomorphism.

The induced mapplng f : M', -r |'{ is also an imbedding. By identl-

fying P' with f tP'), G' wlth f (G') and M' with f (M'), w€ say that

P' (M' ,G' ) ls a subbundl q of P(M,G) '



Kobayashl and Nomizu t12l proved ln Proposltlon 1.5.3 lhaL

the exlstence of G-st.ructure is equivalent to the exlstence of a

subbundte P(M,G) of B(M) (M,GL(n;R) ).

I

Let P

ii*s t ructure

system (U, x,

the rec|.:ceci bundle

integrablr-: lf every

,,x I such t.hat. t"lte
II

a cros$ sectlon of P

be

1s

wtth structural group G. The

pr:int" of M ha$ a coordlnat.e

cro$s seL:t.ron {-: , r, r, ^!i } ofl6x.' '0x I\In//

LJtMI over U is

Let {u*} be an opeR coverlng of M correspondlng Lo a
a

G*st pucture. The G-slructure 1s lntegrable lf the matri.ces of

rhange of coordinate systems on Ur. n U, belong to G for aII

U .LI-* e {U }.(Il'q

f.Je can make use of the exlsfenee of solutlon for parfial

differenttal sy:tem to determine the integrabllity of an G-

structure. The problem iS "glven a set of lndependent vector

fields tul,.. ,tD) on an open set U, ls fhere any coordinate

system {"1,. ,xn} ln which 
* 

= tt for all l?"'

over U.

Let {Yt . . ,Yn} ue a

n

tr . .rJ The exlstence of
L tl lt ' I

.i=1

equivalent to the exlstence

local coordlnate of U, Then =& =ttv i

coordinate maPS {*r,. ,Xni on U is
0x.

of solutlon for -,'t = c,, It is
dY r Jl

J

well-known that the necessary and sufflctent condition for fhe

existence of thre solution x. Is

dc.
K1

ryJ

Ec ..Jlavn-(r) for all 1,J,k = I' ,n



lf "iJ fulflils condlLion (r), then for another set of

eoordinate charts {tl , . . . , ?n} on U, the coeff lcietit OrJ, vrhere

..'. 0 dd, . Ad,-

* - i d, rui also futfills the con<tition ]lJ = u=!J oor aII l,
o= | j=t rJ nrk o= 

L

,i and k, ln fact, the relation hretween a9: and tfr are glven as
t.t

{'o I Iot"ts :

^2o yr
JAz6rl

,l'hercf'ore

;rnd

dtx =

tI;
6=l

n:I
k=1

a
ctx,

K

a
oYJ [,1,i{.,-)

n 0v.

.rl, "4
r\

JK

nd"- 1k*-=
&z r

Ir

T
.J=1

n n urJ u"J*
crv + f IJ" j=l s=l 6tr dY"

dv=

6Tr

6d rK
ar;

n

=I
J=1

n*I
j=1

ozvt : : urJa"5raY=

qfi'sx. ,!, ,!, q af q

6zy 
t

-'.-vfl0zr1zt -Jk

^zo YJ

6ip1 " Sx

utJ 4",1k 6Y,

dy,
trr

urJ

d=l

0zr

n
l

s=1

n
=I

J=1

+i' t"t

J:::t

n+I
J=1

T
s:. I

0c
SK

4t

ad..
1K

=___6zr

Therefore, a G-slructure ls

exists a Perrnlssfirle frame {u1,

E: 6vI -S

lntegrable tf and onIY if there

.,vfi) on each open set Uo of



cover ing {Uc(} der tc r"m ined

l. anci

I .. .,rj suchu r-l

vhere (tU "x )) ls
€[g

'itbY ;t{coord lnat e

that
iic.rJ
d*k

coordina te

?.?.

Example

(i]

a ncl r:: ,
r_l

6c.KI= ^-: for allox.I

atlas of M.

Examples of G-structures

Z (G-structures)

LetMbea

or len tahr le

o U {oe
nel,t

iM).

mdnifold ancl A (M) = U T* (M-, ). A manifolcl isnnm
meM

I

if A {M) - 0 hars *x;rctly two eompon*nl:;, vrhere

A (fq') i, t.he 0*section of the exterior n-bundlenm
|r

A
n

If H is orientable, choose an orientation of M, that

is, choose one of lfie two components of A*(M) - o, carl it

A. Then A n Tr.r(t{,n) is precisely one of the two components

of n] tu_ I * {0}. I-et { (ua, xo) } bre an open coverlng of M

nn
rri th coordinate ch;rrjts ** such that. the m;rp of Uo i nto

ri

nitUr) def ined by m ' (dx, A A dxn) (m) has r"anges in A.

Let (U,xr,..",*rr) and (V,Yt,...,Yrr) be two coor-dinate

systems in the open coveri"ng { (Uo, xrr) }, then

fax. | )
(dx, 

^ 
A dx,r) (m) = det 

t%l^,| 
,ot, ^ A dv,,) (m)

since dx. A
I

Therefore, the

is reducible to

ve determinant.

Adx and
Y)

s tructura l
.+

cL (n;R),

(a*, | 'l

where meUnv. ottlaV.l | >0
t 'J 

lmJ

6y1 A A dYn belong to A'

group of the orientable manifold

a subgrouP of GI'(n;R) YiLh PosiLi'



Converse I y.

+
GI- (n;R), then

n-form w on the

anclA = U
meH

cii s;.joint union

ori ent ahl e 
"

if thc st.n:ctural. group is reducible to

fhere exisLs a nowtrere vanishing global

rnanifold M. l,et A* = U {aw(m) : a e R*}
meM

{ar.r{m) : a € R }, Lhen nltFI) - o is the
n

I

I

oll t u* opt:It st.llr:,le t

A lliemanni an mani.f tl1d i:; it manif old M f or which is

give6 at each m e M groliitive definite symmetric

bi line;rr for-m g( , ) on M*, and tiris assignment is smooth.

Such an assignment" is called a Riemannian metric g on H. A

manifolci togcther" witl: a Riemannian metric defined on M is

called a ltiemannian sLr"ucture on M. Therefore, if X and Y

are smooth vector fields on M, then gm(X,Y) is a smoeth

f unction. I t is wel l-known that an O(n) struclure oil the

manifold M is equlvalent. to a Riemannian structure' It can

be sholrn that any mani f oId admi ts a 11i emannian structure.

Thus, it has an O(n)-strucLure'

An almost complex structure is a ( 1,1 ) tensor J such that

Jz = -r where I is the identity (1,1) tensor. The comprex

generaJ Iinear 8roup, GLtl,o) can be considered as a

subg,roup of cL(n;R) (refer Lo tixample 3(i)). It is weII-

knownthatanalmostcomplexstructureonarnanifoldMis

equivaient to a GL(3,a) sLructure. A meLric on an almost

complex manifolo M such that g(JX' JY) = g(X'Y) is called a

hcrmi'tiannet.ric.AhermitiarlstrucLureonamanifoldMis

equivalenL to a u(.3)*sLructure, where u(l) is; the unitary

A andA llence M i e

(ii)

(iii)



f i rr )

group. The group U(;) is equal to CL(l,A) n 0(n) ' Tl'rere-

f'ore, Ut+) is a subgroup of GL(n;C) Hhose elements are of
{-

_l
the form AA* = i.

Referring to Section 3.3, an f *strur:ture 1s equivalent to

u(;) '. o(n*r) strtrc[ure Lrher"fr r. is ttre ralrk of" t]ier t-

structure and n is the dlmerrslern of'the manlfold' The

U(l) r I(n-r) structure ls equlvalent to a globally framed
e

f -structure. Thi$ l,iIlI be proved in section 3.5' There*

fore, flD almost contact. structure is equivalent to the

reduction of structural group fo Ut!-f ;o. 1 (An almost

contact structure 1s gIobally framed f*struct'rlre of rank

n-1 ).

tv)

(vi )

A manif'old M

l ndetr>enden L

TM globalIY.

manifold is

issaldtobeparal]elizablelfthereet:istsn

vectorfleldswhlchspanthetangentlrundle

The structural group of a parallelizable

reducibre to tdentitY'

t.o a group cons l st ing al I

e A e GL(n;R) is equivalent

A reduction of st'ructure

a1 I elements of the form

ABt = BAt is equivalent to

These will be discussed ln

A reducflon of structural grouP

elemenLs or the rorm i* :l wher

to an almost. tangent structure'

gr"oup to a group cons 1s L lng

[e o ] where A € GL(n;R) and
| -t I

IB A -)

an almost cotangent structure'

Chapter 4.

(vii ) A necessary

rnanifold to

that v4*vZ

and sufflclent conditlon

admit a tensor field g *
,t7

= O, rank g = ;(:-ank 9"

for an n-dimensional

O of tYPe (1,1 ) such

+ n) = r is thal the



Example 3 (Observations on G-structures)

( i ) GL(n; O) can be considered as a subgr-oup of GL(Zn;R) . Let

be the mapping of GL(n;O) to GL(?n;R) def ined as follows:

group of the bundle of bases is
nU(r-|) x O(n*r) x O(n*r) t?i I .
u

(viii ) A reduction of the struct"ural

O (n-r-s ) i.s equivalent to a bi-f

proved in Chapter 3.

(.jn*toj*)e GL(n;o) 9>

This is a group homomorPhism since

sroup to u(;) x u(;) x

structure. This will be

reduc ib Ie to the group

e GL(2n;R)

("3kdk=*b.1k"k=

(".iktks-b.1t dx.

ojr ojol

-ojn t:n,J

{.rt*tbjk) (.rr*id.u) = tt [ (a3kcrs-b3gdr=) * i (t.lt dtrobjxtr.=l tJ

and

rS

c rS

rS

1,,- .,1 [.

I
T

T

_T

rS

("3kcks-b.;t dt 
= 

)

{"3kdk=*b.iL"kr )

that is o[ (a.1x*tojn) (c.=+idr=)1 = o(a .. +ib .. )o(c +id__ )jl( Jr rs rs



Furthermore, every unitary matrix is unitary similar to

a diagonal matrix, i.e. there exists a unitary matrix A such that
T

A UA = D where u is the unitary mat.rix considered and D is a

diagonal matrix. The determinant of U is equal Lo the determinant

of the dlagonal matrix D. Let lar+ibr] be the diagonal components

of D, then D e GL{Zn;R) is as follows:

n

n

n

b

CI

a

tr.

0

bt

o

"1

o

0

-}1

-h"1

0

0

'a

n?
Hence, detp= fi (al+ U?l=1.

i=l l1

mitlan manifolds are orient.able.

Therefore almost her-

il) The G-structure of a product manifold is equal to the

product of the G-structures of the manifolds' This is

because tf Prls the prlncipal subbundle of bundle of bases

ofMr,thenPr*PZ.istheprincipalsubbundleofbundleof

bases of M, * HZ with structural group Gt * GZ' Therefore'

theproductoftr*oglobal}yframedmanifoldisaglobally

frarned rnanifold si.nce the product manifold has an u(;) x

-..s.vr2t x I(n+m-r-s) structure ana u(t) x u(;) x I(n+m-r-s) is

a subgrouP of t[T] x I (n+m-r-s) '

(iii)A1}orientableZ-dimensionalmanifoldadmitsanalnost

complex structure since 5O(2) = U(t) lLz)'



Z*3

:

:
i

I

t
t

t
I
t,
F,

I
I
t

t
I

t

t

I

t

t

(iv)

(v)

(vi )

(vii)

Let

22*1 + *z 'F

be the

= 1.

unit sPhere

It can be

imbedded in

covered bY

R' such that

2 open sets,

There exlst a nowhere vanishing vector field on compact

odd-dimensional manifold tZl. Therefore, a compact orient-

able (2n+1)-dimensional mani.fold has an SO(2n) x 1

structr:re. Since SO(2) = U(t), a three dirnensional compact

orlentable manlf old adrni ts an U ( 1 ) x 1 structure which is

equivalent to an alnost contact structure or globally

framed f-structure of rank Z.

further discussion).

(Refer to Chapfer 3 for

From Example 2(v) on page 22, we see that any para-

llelizable manlfold admits an ar-bitrary chosen G-structure

since the subgroup consisting of the identiLy ls a subgroup

of all subgrouPs of GL(n;R),

If the dimension of H is even, then the structural Sroup

of a globally framed f-struct"ure is reducible to U(;) x

I (n-r) uhich is a subgroup of U(;) ' Hence' it induces an

almost cornplex structure on M. (Refer to chapter 3)'

Ifthedimensionoft.hemanifoldisodd,thenthe

structuralgroupofg}obal}yframedf-manifoldisreducible

to ut!) x l(n-r-1) x 1 which.t" " subgroup of t[+J x 1'

Therefore,itlnducesanalmostcontactstruetureonM.
(Refer to ChaPter 3) '

2.3. Transition functions of certain manifolds

Example 4 (Sphere)

s2



U = SZt{ (-1,0,0) } and v

graphic Pt'o ject ion of

projection of V into R2.

= sZ\t ( l,o, o) l. Let du be the stereo-

U lnto R? and Cv the stereographic

The set t (u,p,r1, (V,dv) ) forms an atlas

\-rI v In this example, w€ will flnd the transition functions

correspondlng to the open coverlng above, The stereographlc

projections 4r., and Co can be represented as I iil6"u,

0r, (x1 ,*2,*3 ) = = (ur,ur)

6 '(u. ,u-) =.U L L ;tu;ruy7'
2ur"

;qn(u/'
2uz

1+(u1)2*(ur)z

[*, *..l
lI-*,' i**;l
I i L)

t+ +l@rr(x1'xz'*3) = (vr,vr)

ort t u r,uz)
r- (v 12-&r)z-;q+ti, 2'I

ft-;f.uF'
zuz

-.,*--"
1+ (v. )'* (v^ )-

L1

Tharefore

13=
6*1

t+(u1 )z*(ur)zwEt1

6\

0r1

4

1-(u, )2-{u;2



Euz * uz( 1*(u1 )2*(ur)Z)
Ax - - 2-'---_-)^5"^1 2((u, )''+(ur)')".

dv^
--^:.*_Udx",

?')BUZ 1+ {u1)** (ur)*
*-E6*3 z((u -)2*(u^)2)lz

6"1
.+*=-

6ut

u*, 
= -8uz

u,*n 
=6*1

4u1

,1.,\f.,*,zf

4uz

@

4uruz

t t. t.,r l 2 * (ur)z )z

z(l+(u, )2- tur)z )w

dx
Ĵ

-=-
6u.

I

Ex
Ĵ

-=
duÎ



'[hcn

5iimi larlY

and

fJ* have

6*1
"-;-* *
ot1

(ur)2-(u, )?

d*Z itv,
;i- -** * -r.*--
ou I .r*3

du1
F__ou1

E*3
;-."-nt1

dor"

o*?= llrd*1

8u?
x-:-ot1

i-r
6uz

2uru,

( ( u, ) 
z* (ur)z )Z

2rlul

( (u, )2r(ur't?)Z

Ur, 
=auz

tur)z-(u, )z

,ry
oq
a

N;

E-x-
o*1

ry

du1
;--o*1

0rl

ry

auz

q
auz

q

tu.;z-(u, )z

*, t'. {ur)z

2utuz

-

((ur)'*(ur)-)-

(u|2-(u, )Z

a
ou1

a
N;

2u Luz

(r/'- tur)z



__"-_-"
(u. )"+(u^)-

Ld

'Iheref ore

o

Elt.
I

o
5%

where g € GL(1;C).

witit

o

6t1

I;-*ori.

2u1uz tur)z-(u, )z

=t,:l

=g

aq
a

fr;

o
l_et ; -- srrcl

-* 
r.

E;*- D€or2 defined as

a;--o*1

ry.

( (u, )2o(ur)Z)Z

tur)7-(u, )z

(u, )z*(ur)Z

,*1tZ

W

t1q
N;

o
fr; and rl'+l = - a-

\unz) Er:r.

?
Thus St admlts an almost complex structure

of Sn wtth resPect

The struct,ural group of Sn wlth {(Ur'di)} can be constructed

a$ above. The structural group to {(U.,C1)i is



2t1 uz 2u. utn
s

,s*2(u )"
h

!**a*il*
s
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Ĵ

I
1Iu-
J

0

"13



if n is odd, lhen n = ?k_l f"or

{i,, Lie the matrlx of' the coclrclinateII

i:r'enr the calculation abcve,

<Jet Cta = - .--.i-.X arrcl
tu2 I

I i r:iur be proved that det

rr*,il ilet arj < 0 if either

-$ome na t.uraI number

L t'ans f'o rma L i otr c)n

k.

ll

I

Let

^ u.J'

a

tJt't Gr3 = . f.;lii(u3')

maps

*rj>0ifbothlandJare

I or J ls even.

even or odd

for all ? s J r 2k*1

is a coordinate chart

= r,J-2i

f -'lri["],' '':!

0n U^,,
:L

'l-i:r,r co I lect ion

i'r; r L'? i

F'or U. n

let 
"1,

of the

uz'

2uz

t,)(v)l'

1
u?

tvr)-

2k-1,2
;l

'*-T
.1Ll ?

:

ii
,_ iK- I
u u-,-

,4

12(vj)-
d

^Iot1

:

,'i

^ 2k-1ot1

-1
tulrZ 0

0I-l
'2

1

T,?0

0

1

'-i.,7Iv^/z

2k-1uz*-r7
(vr)"

a*-1
.*r
dY,

I

:

0

:*ifi;r
AY,

I

1

1

'2
I

-T
-.)0

0

t{
= -r2l ano uir



1'ltnt'r:l ore,

ilnii:il-i:rmation is

dt t.er"nri rrln t- rji"

fi I Ven i:;

ll,r' il.'ti ii: ,rJ

ii.

i:iu1 l:c ljhrlun thut

tlrr', .,r\lrllrr,rtr. t !;rt,:,

i tt I lttir rllrLilt {:uv{:r l

t lrt rtr:r.: I-il i il:,r 1,t:

lt
1

is;

I
:!I rl-I,,-K. ,)

I rr.rr r tF)

l)
{tlll ',' .,')k-l
[.".1k'".,k' '".,k

U, artrl U ,r.J

,,:lk 
* 1 'l

") I'
t

(,. 1

lLi.), \'-,,t'

r.,, :;l ! |

lJi th t.he

i i:r: iir,r t.t'rf'fi i t'i;lnt

i !'t,-. f i: t € it (:h

Silmi. irrgumr.nt, it

of t.tlt-' ffiiitri;{ r,}l

f's-:r- l.J. n
I

t"r.r;';5;,1t iitll

tl l

I1", "'i''t\t'
l.r- -t \

ri !
ii, , !


