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FIX MISTAKE IN DEFO END EQUIX :
-

SUPPOSE C
, BC4, ARE GEOD.

RAYS. SAY Xip ARE END

VALENT IF
,

FOR ALL 130
,

WE HAVETINFINITE COMPTS

of C-B
,In) AND p-By(n) CONTAINED IN THESAME COMPT of

↑-B(n) .

--

① BNDARIES : SUPPOSE BCYS .
WE DEFINE THE (VERTER

&DARY Of B TO BE OB=SheG1d(B,
h) =13 .

HERE dg(Bih)= MIN[dg(b,h) / be B3.

e
↑&B

& RECAP : (9 ,5) TWO ENDED . GIVEN Co = ((n) AND

G= A*4%4A .
NOTE APC ,

A ALL CONNECTED.

EXERCISE : OA
,
GA* Co

.

EXERCISE : ISEPARATORS] SUPPOSE BCTS CONNECTED.
-

SUPPOSE BIC = 0. BCA (SO BRA*
=0)

OR BCA* (50 BRA = $) .

PICK geAH WITH IgIsYIntI . DESIREDICTurEi
DEFIWE C=

g .Co. = gA

ERCISE : Co1C ,
=0 · #III,

STEPB: SHOW A*uC < gA*
-

AND gAve,
CA



NOW : C SEPARATES A FROM * AND C1C,
=0 .

ALSO,
C

,
IS CONNECTED.

TrWS C
,
= g .Co LIES IN EITHER A OR AY

.
SINCE gE ?, WE

HAVE C
,
CA

.
So C, e A* = 0.

LIKEWISE : C
,
SEPARATES gA FROM gA* AND AT IS CONNECTED.

So AB LIES IN EITHER gA
*

OR gA.

FIX A GEOD.
RAY L*C A* SO gd

* IS END-EQUIY
-

To <* (BECAUSE gEH=KER(ACTION) I
.

PICK MEN

SO THAT COUc,
8 B

, (m) .
So INE cmpts of <*- Bslm)

AND g
.<
*
-B(m) HE In SAME COMPT of Ps-BsIm).

So Some POINT of A IS CONNECTED TO SOME POINT of
gA

*
IN THE COMPLEMENT of C .

WEDEDUCE A* C g .A*.

AIM : A* ~Co < gA* IN PARTICULAR ,
A**g

.A!.

SINCE &AdA* <Co ,
FIND O(gA) ,OlgA

* ) < gCo = C
..

EXERCISE : ArOA*
< gAFud(gA*) .

-

Now C
. <C = % .

THUS @A* 10(gA
Y)=9. So OA* <gA*

THUS CougA
* #O .

BUT e
,
SEPARATES gA

*
FROM gAu

COVC = 0
,
AND C CONNECTED .

So DEDUCE C <gA*

THOS A* vC < gA*
&COLLARY : gArc,

<A
. COOF :TAKE COMPLEMENTS· I

M: geC ,
ALSO g*A*, gReA FOR ALL 1> 0

.

PROOF
-: geA BY CONSTRUCTION.

SINCE gAcA , gEeA FOR AL

k>0
. SINCE CoLgA*, WE HAVE g"eAt.

SINCE A* CgA
*

WE HAVE g AtcA, gReAt FOR ALL Go

I



COROLLARY: g
WAS INFORDER. It

-

DEFINE F = gA
*
- **

EXERCISE : FC C(n+ Ig(s) So F IS FINITE.
-

LAIM: D=Ug IN ORDER.

-

PROOF : LET D= g** 1A
= F-C .

50=~Due,gA .

-

PETTORE SINCE 2014=

m & WE HAVE dg(a ,b)

- FOR ALL atCo
,

be C
, .

A gA
THUS

, ANY GEODESIC FROM 14 TO LegA HAS A

SEGMENT of LENGTH N IN Co

S d,1 IN D

20 IN C
,
/AT LEAST A VERTEX]

a = Ihls-n-d-c, IN gA
So ds(g ,h) = n + 14 -n - d -

e

= 141s-d-c, Ihs-1.

PICTURE

-. .
A D gA
↳

THAT IS : 1ghIs = Ihls-1 ,
FOR ANY LEgA.

SUBCLAIM : ACUg.-



PROOF : DCF
,
C

, Cg
.F

.

ALSO A= Dr CugA . So
-

SUFFICES TO PROVE gAcUgRF . INDUCT oN IhIs I.
22

,
0

S : [G ,
<g>] = CARDIF) .

A
THEOREM .

⑤N
THEOREM : CHOPF-FREUDENHALI SUPPOSE G FIN

. GEN.
-

THEN e(g) = 0
,

1
,
2 , or a.

CHALLENGE : PROVETHIS
-

THEREM [STALLINGS] : SUPPOSE(G), 2
.
THEN

-

G SPLITS (AS FREE PROD OR HNNEXT) OVER A

-↑FINITE GROUP.

E: ,
Do

,
Flaib) ,

***L.--

SEE ALSO : BASS-SERRE THY [TREES BY SERREI

TOPOLOGY of GRAPHS (STALLINGS]
JST DECOMPOSITIONS Of GROUPS (SCOTT

,
OTHERSI


