The Schwarzschild  Solutny
il

Poct L €>< JV@HDF QQ?EOW >V

The 9o w@JWéL ouj(s’)A)e A
sp%er}@\% Sal/u\mejf({c SsTay™



o TlAQ U\J\@J(ﬁc " ( {i)f, @)‘f§ Qoor(JMajmgt
b _9 e Ut L L
dst. (| %)aﬂr (12%4,)J ;ortdl

J 0= J@";sw@c\;



o TlAQ U\J\@J(ﬁc " ( {i Y @)‘f§ Qoor(JMajmgt
b _9 e Ut L L
dst (| %)aﬂr (tzg,) At 4+ rrdl
d = dB%sin®dy
° T\/]Q uVliC(M& SO&%DV) JCO El‘\/\gJ[Q‘WL'( @CZUC{WL)’DG % Hﬂ{/ U o CUUu
which e

— S]LCHLEC
— SPI"W}@\N? S?wmﬁr»’{c

_ QSV'MPJWJH'QC(M;) wﬂqj[



o Tlf\é’, U\J\@JWK " ( {i)f, @)‘f§ COOFA;WaJvegi
1» ——2 L+ _ -1 e L L
Oosv,(| TN-LVH (tzg,) Aot 4 vt d
J = J@”‘;sw@c\q

° Tl/]@ UVliC(LA& SOQUTLLDV) JCO El‘\/\gJ[Q\WL'( QCZUQWL)’O/} 1% Hﬂ{/ U o (Uum
Wich ic:
cohich ¢ ]\b RW i

— S]LCHLIC
— SPWN@%@ S?(MMQJHIL

_ QSVIMPJ(DJH'@(MQ WHQJ[ —y, VW —> 00 %(l—?%‘)AA@?W—)WV






=

}7

=9
:D

£ are \C%éim;‘ V@cJVOW }()[CQ‘JS
1



<

- L L
) SN, S)v;"@)

(G )= i (- (1), (-2

‘5{3%?|’V =0 % =
/DT?FV —0

- gf are \C%éim;‘ \/@cjfor P[JJ;
-7

! = ?yur,ﬂr Up  ave
Conserued c(ﬁow? 7eolau

w/ﬂlav;g&ml ve ko u"

— A A



<

. (%Pv) J'aa< (l ?’V\))(l«? )-,,\(‘L,YLQV)"@)

@{34% p % _ =9 \c;M;MQ veckor {iclds
i g

GT[/\Z, 7Q0M@L1& FDP O“‘Jr‘o (g ‘H«CF‘ 7( Q S]’)[/\ére_ O{ \/‘om&/u( Yo

d Z S S [ R T > O(L(

= 4 A



<

: (gu,v) Jma( [1- ?Mj)(u )-',w, wwe)

= { 9 Ypv =° & = % ., \c{M;MQ vector chug
I Yp =0 I

1 he 7@0%/@%9 FDP db=dr=o (¢ thed of @ Sphere of Veeiuc v

A7 "= ¢ A6 1 ot 5D dy*

CO\Y‘&{L«K MCD{‘ A SP‘A@M. UuH[L\ (,Q./,i&f“ O\Jf =0 U\J\j‘)’\ |70\V|’l

@Mﬁ qu a{lSJrav\cL Vv %ww\ |{'

— A S|



<

: (gu,v) Jma( [1- ?Mj)(u )-',w, wwe)
= { 9 Ypv =° & = % ., \c{M;MQ vector chug

I Yp =0 37
1 he 7@0%/@%9 FDP db=dr=o (¢ thed of @ Sphere of Veeiuc v
A7 "= ¢ A6 1 ot 5D dy*

CO\Y‘&{L«K MCD{‘ A SP‘A@M. UuH[L\ (,Q./,i&f“ O\Jf =0 U\J\j‘)’\ |70\V|’l

@Mﬁ qu a{lSJrav\cL Vv %ww\ |{'
(9qu > area of SPLewef A = /'iﬂr (Jef’,"‘%"\‘")

— A S|



. Mass M-

For v>» M

JSL‘— «('- i_‘/\i> JJ(L+ (‘V?ﬂj;{r)'+\rt a(JzL (|+><)"fg;l,>< << |
v - (15 2 e (142 ) ot et A



. Mass M-

For vy M
At - (1-) by (1198 et 2 (1
~ (- )A% s (142 ) et ot d "
2@ 99 ()

= D ()= M
~

—



. Mass M-
For v 1M
JSL‘— - ('- i_@) JJ(L+ ('V?Mj;{r)' + vt a(JzL (|+><)"fg;l,>< x<<|

L

v - (- )A% v (1424 ) clet et AR

~—

M 99 ()

= Ei;(r)‘; M- A/&/U%OV);CW] POJVQW‘E)IC{( % SPL\ZW;C/,(( Ma§(
v %i‘if[(?h’“ow cf %zﬂlaé M s M



. Mass M-
For v 1M
JSL‘— - ('- iﬁ) JJ(L+ (IV?ﬂYa{rL + vt a(JzL (|+><)"fg;l,>< x<<|

v - (1- )A%+(l+i/\4)dr cret d
2@ 14
= @-(0’): M. /l/ﬁijwiav] pojréwj(ia( <¥ S)?Amca( Wex §¢
V™

dichvibution cf {‘mlag s M

wthe pacameder M s toll wasi of sowre of curvakure
5‘< —"Ifoﬁ. I( Wwo ’ POVWHCQKU ak = O Gf WMei§¢ U/\,(Y':O WO" MS)?G.ce’l;vwe.)



’ l lﬂ@ Sawme Jr o (7J( : ,
wetvic ¢ O ama(& ouJ(g f)\ﬁ oS \,\@ ;
wMass digtr, bution | P {'Cq( g‘jw\\/\/\é\[v (



ngﬂé Saw e \/\A(’,Jrv;( ,l( O(?J(G'IV\QL& OuJ(g}J& oN SP\/\@{;QC((

A did v bution

e 2M < JVL@ gc_(xywa\f%gclﬂ%J WC((J"UQ

CXSI;—< — _&) 0(1114. J"L

- o
5

\l‘> ‘(-g = r){ E'me_@u
Ir € VQCQ@LQ

RA
+ Jﬂ
(Qt'h-;o‘,—-

ih/wwajwic



sTlA@ S w ¢ W@Jr\v;( ,|( O(?dew\ac& OuJ(g}J@/ Ch SP\’\@Y;CCl( §\7U\/\V\A€JLV;(
A Oeigjtm'(aujuom

e 2M < JVL@ gc_(xywa\f%chMJ WC((J"UQ
JSI:"< - '&)J‘lljr e’ + Jﬂl

- o
SV S N wa_@b, (Qt”)é—'?oo: —(l-%><o)
Py §VQCQ@LQ (BW“Br:?,.'- (|,£r£)'l>o)

L0 = [ ot quczQJLL
{ 3 biwmelle  ~ divectio ojf 4 inre



ngﬂe SGw ¢ \/\AC’A‘\V;( ,l( 0(7/%0’]”@(& Ou%S‘I(A& o sP\/\@fl/CC(( §\7U\/\\/\/\€jt‘y;(
Masg OqiSJ[Wl'(NJUDV\

e 2M < JVL@ gC_(/yWO\\/’z‘gCL/)(J WC((J"UQ
chl-.._< _ _Q) A1 dv* Nl c“zl

- &
=

OV S KD{ EWQ@L@, =V ’Df VWM
}r QVQCQQLQ OU“V S’,V,j//[(q[\

<y S Dt SPC(CQQJLQ
{ 3~ Liwmelile



ngﬂe SGw ¢ \/\AC’A‘\V;( ,l( 0(7/%0’]”@(& Ou%S‘I(A& o sP\/\@fl/CC(( §\7U\/\\/\/\€jt‘y;(
Masg OqiSJ[Wl'(NJUDV\

e 2M < JVL@ gC_(/yWO\\/’z‘gCL/)(J WC((J"UQ
chl-.._< _ _Q) A1 dv* Nl c“zl

- o
o

= a PC‘U‘O(‘Q;‘& oft WLLQ COOWJMQJFC Slﬁsﬂlew\ ,wolt JT{ 5)70661[1“”‘6



ngﬂe SC(M,AQ- \/\AC’A‘\V;( ,l( 0(7/%0’]”@(& Ou%S‘I(A& o sP\/\@fl/CC(( §\7U\/\\/\/\€jt‘y;(
Masg OQISJ[N'(NJUDV\

e 2M < JVL@ gC_(/yWO\\/’z‘gCL/)(J WC((J"UQ
chl-.._< _ _Q) A1 dv* Nl c“zl

- o
g

= a PC‘U‘O(‘Q;‘& oft WLLQ COOWJMQJFC Slﬁsﬂlew\ ,wolt JT{ 5)70661[1“”‘6

- cjef{mm o "hoyizon : evevﬁwa ”Mﬂ[ Comen v ,cmw% Cowie ol



ngﬂe SGw ¢ \/\AC’A‘\V;( ,l( 0(7/%0’]”@(& Ou%S‘I(A& o sP\/\@fl/CC(( §\7U\/\\/\/\€jt‘y;(
Masg OqiSJ[Wl'(NJUDV\

e 2M < JVL@ gC_(/yWO\\/’z‘gCL/)(J WC((J"UQ
chl-.._< _ _Q) A1 dv* Nl c“zl

- o
g

= a PC‘U‘O(‘Q;‘& oft WLLQ COOWJMQJFC Slﬁsﬂlew\ ,wolt JT{ 5)70661[1“”‘6
_ dZeme o "hoyirou' : evev“wwa ”Aml Comen | ,cquw% comre ol
_ timelike ?eoo(es{cg (= tvajedonesr of fmefn& ﬂﬂ:mg wasive pavkicle)
be have Mgu@ar%\ acvoss the hovizon (ohich w‘%e# VoSS n
]Gw(le Proper EM@



ngﬂe SGw ¢ \/\AC’A‘\V;( ,l( 0(7/%0’]”@(& Ou%S‘I(A& o sP\/\@fl/CC(( §\7U\/\\/\/\€jt‘y;(
Masg OqiSJ[Wl'(NJUDV\

e 2M < JVL@ gC_(/yWO\\/’z‘gCL/)(J WC((J"UQ
chl-.._< _ _Q) A1 dv* Nl c“zl

- o
g

= a PC‘U‘O(‘Q;‘& oft WLLQ COOWJMQJFC Slﬁsﬂlew\ ,wcﬂL JT{ 5)70661[1“”‘6
_ dZeme o "hoyirou' : evev“wwa ”Aml Comen | ,cquw% comre ol
_ timelike ?eoo(es{cg (= tvajedonesr of fmefn& ﬂﬂ:mg wasive pavkicle)
be have Mgu@ar%\ acvoss the hovizon (ohich w‘%e# VoSS n
]Gw(le Proper EM@

— curvature scalare he w()fw,’ée value o, the Novizon



’ l lﬂé Sawme Jr o (7J( : ,
wetvic ¢ O ama(& ouJ(g f)\ﬁ oS \,\@ ;
wMass digtr, bution | P {'Cq( g‘jw\\/\/\tﬁtv (

e 2M < JVL@ gC(/yWO\V'%SCL/)(J WC((J"UQ
J51;_< _ %) A1 dv* Nl Jﬂl

- o
o

— (5 ¢ {WJ@Q\A q[)o»" o»fd’i\/lmfg §1laf( )FIOIV\C’JLS/ O(vd’ec)rg ¥
evergdma Lo | wohere

L >

L@ Site gﬁ OLJQLJV



DTL\Q Saqw ¢ WCJV\V;( I|( O(j/lra’l‘/\(),L& Ouj(g’nJQ Ch SPL\GNICC(( §7U\/\\AA6JWI(
Mas dict e/ bution

= QM < JVL@ gc(/\wa\f%gc{nmj \fé(fjiuﬁ
Jsl—, ~—< _ _\Q_) aHLJ, J\PL + ¥t Jﬂl

=

1 {w@ZQUQA /pow ofd’iv\mfﬁ §1qu( ,FIOIV\(:JH, O(ad'ec)rg ¥
évewzdma Lo whore

L
cs= 88w for fle Carll
2.95 ke« v Sy

0. 1 @ng nou ‘aq@é(%%



» The sawme wekric i« obta ,
wetvic ¢ 0 g,,,\u& Oqug d\g \/\ / ’
Masg Oﬁgjw,' (NJ{;DV\ | A Sp @r.(q( §7U\/\V\A€,Jw»(

e 2M < JVL@ gc_(xywa\f%chMJ WC((J"UQ
Jslz"< - %) A e’ + A

- o
-

_ V=0 a J[Vué SPC(’C@J(/M/\Q, Sl/w;uﬁayhtg °,
o I = veA
‘<‘_ /(2‘,.\,()1 R rve — LM?W\.L o w0 ( bud rejufa, a})

6
v V== 2M

Lb KT@* QL\ mam Scalar




ng/\e Sawm e WC’A‘\V;( ,l( O(?*a’m@(& Ou{'g‘lc’l& o sP\/\@fl/CC(( §\7U\/\\/\/\€jt‘y;(
Masg OeiSJ[N'(NJUDV\

e 2M < “\@ gc_(xywaw%chMJ WC((J"UQ
J51;_< _ _Vl) A1 dv* Nl o“zl

- o
5

_ N\ =0 | o3 J[Vua SPC{C@J{;MQ Si’\/v?uﬁa/h{;{ %
vp) L
‘K:Q\n\/(ﬂ RY‘(” = LM?/Z\ —3 00

v

, timelile @@od@giw reach -0 at 1[Mijr<’— proper Fime
—=> ‘H«t\ét end ‘“'levc ¢ ‘é)«& &AJ q{ (j;'m@.”






Uyits

[ C:1

ds < ’(’* QGM)((,AHlJr(l_?GM )')Afx)r \{_)_Orﬂl

C7' r

G=6.7-10" w' k' s

F=6G Ma . CM
= @ ~ G

= 3, JC/ (\ V\Aeo\gureJ ;\4 ‘eéma“\ Mm’k



Units — dst < _(I- QGM)(cdH1+<%-h”4y)dﬂ'+VJCﬁﬁ}

C7' r

c v
! =670 i’ Lt s gz 90l =213 W
C
F=GC Mm oM
—‘(‘T @- G—Y: 6'%/'- KTP\/

. C =1 => S, Jc, ' V\AZG\KM[€J ;\/\ ‘@Zmaﬂu\ MV"’TLK

o G?1 => M)WI Measured 1y (évﬁ‘l’q Unitg , 5.1,

M ('l"\ C“”) = \GL M (i jr) = 0-74 IO‘—L? SE /V]((m ?v)
Geo MULN%ecﬁ c r

unife > [ Mo= 10,5 L
Mo=- 4.4 wwm (:2“)



Uniteds® < < (1= 20U () o (126 ey

C7' r

cr
G=6.710" w ket s gz 30l -9 v W
C
F=G Ma . CM
—\(‘T ‘@- G-F 6'%\/'- KTp\/

. C =1 => S, Jc, ' WLZG\KMICJ ;\4 ‘@Zmawu\ MV"’TLK

o G?1 => M)WI Measured 1y (6147\“1 Unitg , 5.1,

pA

dst= - (1- _@)J++(|-2M Vder, AR



Uniteds® < < (1= 20U () o (126 ey

C7' r

G- 67101 it b 5 - Job 115"

Fag -
=6 M - M
Cr @ ~ o=

. C =1 => S, Jc, ' WLZG\KMICJ ;\4 ‘@Zmawu\ MV"’TLK

o G?1 => M)WI Measured 1y (6147\“1 Unitg , 5.1,

pA

0?31: — (l' 2_@) J‘P«(r (I-»Z_"\;’l—)'| Advt 4 ol A

PQS/‘Ofe \Me,“l]c umj'(i M — @_ {: N c,jc) T—> CcTC
CC



Quantity

Sl dimension

Geometric dimension

Multiplication factor

Length 12 E 1

Time il = c

Mass M = Gc2
Velocity | 1 i

Angular velocity T1 L1 ¢!
Acceleration 0 = c2

Energy ML2T2 1= Gt
Energy density ML T2 L2 Gc™
Angular momentum | M 271 L2 Gc3

Force MLT2 1 Gec*

Power MEATS 1 Gcd
Pressure MLTT2 L2 Gc*
Density ML gt Gc?
Electric charge Tl 5 G122 eo‘m
Electric potential  |ML2T311 |1 G2 g2 12
Electric field MLrert (et g2 2. 1IE
Magnetic field MT 2 L1 G2 o1 12

https://en.wikipedia.org/wiki/Geometrized_unit_system




Cvavitational Reds<h LP(

0?19{: ON kIUMa \/&LJ(OP ('CQO\
/P’A(Tr cov served a@owa ?e/o&@gfc w/ngM

\/@(,%OY\ PV

¥r-

[l)O/ o, @>

U

T‘:'R\ = ,R')_
emitting ¢ A
obse
>
/ €,
light 7/
ray »
//
7 7/ receiving
/ observer
/!
/ e,
) | »ir B T

HQY“IL[{ ) F]a q-’



GV&(UH‘O\J\';OV\QK Q@OQQI,HH» A! . o
520 o Billiag Vecke field won )
/PpTr Cov served aQowa ?M%Q@ifc W/ngwm‘ . /x/—l:
vecdtorn ptt e s ..
Tt P 17 |[==
:[l)0/0/0> r e L
M 8 — >

, Pl’)oJ(o\/\ ewmitted [751 oberver of =¥, Hartle , Fiy 1.1

7 received 1 v e Ql



GV&(UH‘Q%;OV\QK Q@OQQ'/MF{F 1 =", =R
' P emittin ¢ A
’?:D{: A k|uma \/é/d'or (ICQO\ abserveg}
e
/PpTr cov served aQowa ?wcﬁaifc w/ngm light //
ray »
V @C,%OY\ P M ek /,”' eceiving
4 observer
?V:(ljo/0/0> ) r—be'“ .
21 a a‘ 1
. Pl”OJVO\/\ @WIEJUL&GQ [70“1 otfwvev\ aJv V‘z% Hartle , Fig 7.1

1) FQCZI.V€4 ) h () N < /R‘L

o Z‘7’ D@@?le o—T/ OGQ@}’VW mL 12;’; UA'A: {U,O)O/O/o)
U;FUaﬂ:-1 = ?k\, /U,FU,VZ‘4 = ?Oa U,OU.‘?: -_{



GV&(UH‘Q%;OV\QK Q@OQ Q'/]LF{F 1 =", =R
' P emittin ¢ A
° ?:Dt A k|uma \/é/d'or (ICQO\ ﬂbs::"veg;'
T
/’9’4 Tr Cov se rved o QOMa. ?@OGQ@Q l‘( \N/J’QW ]E:;/// e,
V @C,%OY\ P M ek /,”' eceiving
'4 f/ . observer
?:(l)O/O/@) I ‘H L 1

HQY“IL[{ ) F]a q-’

R Pl’)oJ(o\/\ QWI!/JH'F.CQ [70% o(;féwvev\ an V":Q|
Y - Q‘L

o Z‘7’ D@@?le o—T/ OGQ@}’VW mL 12;’; UA'A: {U,O)O/O/o)

UWly=-1> G U'U =1 = 9. b= -1 5 - ..?%i) @) = -4
!

" FQCZI.VQA ) l 0



GV&(UH’O\{';OVM( Q@OQSI/]LP( I =%, =R
LS00 o Killg Vecke field plibe %
- e
/P;«Tr cov served a@owa ?one,g;c w//‘awﬁw} ]E:t//-‘ e,
\/@C{bop Pr‘ e A // .
/ receiving
7 observer
?V:[I)O/O/(O) M lf_ﬁ Py >
. PMOJ(O\’\ QWH,J(JWJQ {70“1 obeer ot \r‘:/{z| Harte , Frg 1.1
1) FQCQI-VQ(X ) 0 " V< /Rl

o Z’/ DQQOCAva O‘Tf OéQ@rvw awl 12;1 U;: (U,OJO/O/O)
wl,



Cvavifational Q@ngﬁ e, -
.59, «a kiﬂma Veckor field coiung A,
?ﬁr cov served C‘Q"”ﬁ ?e/ooQggfc w/ngM . //—’:,
ray ,
V @C%OW P 1 ok /// e
/ observer
?'4:[')@/0/@) —= F
M & P .
. PL’O{»O\/\ QI/VHI{"'(,CQ b&’l OL(@(ve\n G(‘L rl?' qu“(e /Ffa 9.1

/) received | y 0 e Q‘L

, 4 bercH? q{ oberver at K- u, - {U,O)O/O,O) =(('— %)"’L, 0, o, o)



GV&(UH‘Q%;OV\QK Q@OQQ'/MF{F 1 =", =R
' P emittin ¢ A
’?:D{: A k|uma \/é/d'or (ICQO\ abserveg}
T
/PpTr cov served aQowa ?wcﬁaifc w/ngm gt/
ray »
V @C,%OY\ P M ek /,”' eceiving
4 observer
" /e
?—(l)o/O/@) i .H . i
. Pl”OJVO\/\ @WIEJUL&GQ [70“1 otfwvev\ aJv V‘z% Hartle , Fig 7.1

7 received ly " 0 Vo= /R‘L

, 4 De@ycﬂv q{ oberver at K- Uihz (U,OJO/",O) =((l— ?_%)"/L, 0, 0, o)

o R U009 = (222 0, 000)
23



"7—,
> W:(I'%jw U= (1~ 2T e R
‘ L
emitting ¢ A
observer
S
y e,
light //
ray »
7/
‘A, £ receiving
/ observer
d e,
?'4 [ | O 0 O ) —> h;
e - :
. PL’O{»O\/\ QI/VHI{"'(,CQ b&’l OL(@(ve\n G(‘L rl?' qu“(e y Ffa 9.1

/) received | y 0 e Q‘L

Z—-/ @@ng«lv or{ Q@r\/w dJ’ /‘215 UA :{U,)O/O O) ((I M L/ o, 0/0)

° g /K?,i U -(Uf/OO/O) ,((‘%)‘/L O/O/o)
L



(‘_ IM STF

N
> uﬁ‘:(lo‘l}gﬁj?“ (.
: A

gm@rg]e,& o{ Phab (, a5 wmeasured (méL obsarumf

_ h -
£=-P, - - PY, (l—?é‘i)
4

U

Yﬁ:qz\ Vf:’Q:L
emitting <A
observer
>
y e,
licht 7
& g
ray »
Vg
“A 4 receiving
i observer
:"" e,
2M » o).

qul‘le , Fl'a 1.1



5 M1"=(1-2Mj"%“ U, (‘_lM )Tk

2y

gw@ra,a& Of(Pl’LO’}DVL()C&S measured (OléL obswwﬂ"
E’:-/P_L U_{}{ = = P1 TY (l—

El"‘Ps Uep = - P! § (

|- M
2,

M
124)

"

U

Y\‘;,R ) (= ,R‘)_
emitting <A
observer
)#—
y e,
lischt 7
& g
ray »
Vg
oy \ // receiving
i observer
:"" e,
oM L r

qu“(e , Fl'a 1.1



> =

gw@ra,a& Of(Pl’LO’}DVL()C&S measured (OléL obswwﬂ"

l_. j\AA jVL h
’Q4T

E’: -/P_L Ui}{

U, («-1M§T*

P'T (1-
Ev=-pbuy ~ - 2h T

R -
_FL’A Tr (l - %)-‘/L

2,

M
124)

|- M

"

U

Yﬁ:qz\ Vf:’Q:L
emitting <A
observer
)#—
y e,
lischt 7
& g
ray »
Vg
oy \ // receiving
i observer
:"" e,
oM B 209 r

qu“(e , Fl'a 1.1



2y
gwarg,@g o{ Phafavu,as measured (méL obseryert?

£ - - - - M
l /P_L /uj’{ - P1 (i,. (l ‘1_2'/;)
| Yy
El'—‘?t ULT, - _ PL}A Tr. ( | - i_"\j j

5 Wk:(l‘imj‘/ﬁ?r U, (‘_1/\4 )Tk

@,
Comferved !
M \-Y
o & ‘?'//fr ("727) : S
z _ }"Tr ('__QT') L

U

T‘:Q ) - ,R‘)_
emitting €A
observer
Y
y; €,
licht 7
& g
ray »
Vg
oy \ // receiving
i observer
:"" e,
M 1 ~e r

qu“& , Fl'a 1.1



> uy:(lafl\g_j"?“ U,
: A

(‘_ IM )Tif
gw@rg’,@g o{ Pkafbvu)as meas ured (méL obsarum‘l

_ _ob p h
==-P, U == P, (l-%)
_ ok ‘ e
e AT R =2
conferved |
) -
> E _ °;;‘//ff" (l- Qa) y =
At (l'%) -

Y\‘;,R ) (= ,R‘)_
emitting oy |
observer
) #
s E’_
lischt 7
& g
ray »
Vg
“A 4 receiving
i observer
:"" e,
XM 8 % r

qu“[e ) Fl'a 1.1

—If /Qz': Y

m,(L—%;)E(@



> uy:(lafl\g_j"?“ U,
: A

(‘_ IM )Tif
gw@rg’,@g of Pkafbvu)as meas ured (méL obsarum‘l

_ _ob p h
==-P, U == P, (l-%)

_ ok ‘ e
e AT R =2

conferved !
-
> E _ °;;‘//(I" (l- Qa) y =
L _p T ("iT,) L

Al
T\‘;,R ) (= ,R‘)_
emitting oy |
observer
)
s E’_
lischt 7
& g
ray »
Vg
oy \ // receiving
i observer
:"" e,
M P -~ T

qu“[e ) Fl'a 1.1
If 121'; o0 E=4w

%
wm,(u_ﬂ)hwﬂ
P4



FO\F (P\)Ql)gl_§7 ?N\
0w (|_ 2 )i - (14 2@ ) wr)

L X QJ<| )
(-7 = 1=(-1)x = l+1x
(sz: ("?Q’/?)\/L W
(1- %)

=%, =
emitting oy \
observer
|
7/ €,
light 7~
5 7/
ray »
7/
7 | / 2 receiving
4 observer
:/ e,
M & 'RE

HQY‘TLZQ ) F]a ‘f./

I Q.=

(lq _/‘Zi)wmz)

E=tw



FO\F (P\)/Rl )K1_§> ?N\

Weor (|- %)w(ﬁ): (14 2@ ) w)

. (I-M@)(HMJW

Al
Y\:'Q ) (= Q‘L
emitting € A
observer
>
Vs EJ.
light 7
& /
ray
F
7 | y ’ receiving
/ observer
:"‘ e,
STV P G
HQY‘TLZQ ) F]a ﬂ. ’
—If Ql = 0 E- ’|3| w

(nq_g,)wmz)



> W
W (R) <o % 7
("’%)\/L w

Y\:'Q ) (= 121
emitting € A
observer
)
Vs EJ.
licht 7/
& /
ray
Fy
7 | y ’ receiving
/ observer
:/ e,
oM B P

HQY‘TLZQ ) F]a ‘f./

If Ql: o €=/|S\w

(nq_/‘zi)wmz)



1 -
{ R=aM % e
(R) <=

o -Tnfivile chgL',(’l u,o.uwm
camnob “see” objeck oo floy agprach

R- 1M
thejr ff?H Sl?maﬂ/\ ace f“‘gﬁf“ed

fo 2€r0

Al
Y\:’Q‘ (= Q‘L
emitting € A
observer
2#
e e,
licht 7~
5 /
rﬂ}"/
/
o | // receiving
’ observer
Iﬁ/ e,
4 rp C

H4r+le ) F{a 9.1

—IWF Ql" o €=)aw

- (1- 2o



FY‘@Q \MO\SSIIU& parjcicﬁa jC\mj@C,JCOHCS

0 Parjﬂcﬁég MOVl Oy Jc//ww,@{lge a@oa(eg}cg
0 V\/J/U Use COWS@YU@CQ ?qu[i{lcg o w:M VZOW( VMZJ 3&%(40/( GTMC(JF;OVS‘,
. 7‘— 9% +\’WQQ\L€ J(,,M[mg VZ(,JWF KI/CQJL €= - T’Aur COVISBN(ZJ

T 1,000 Jt Jr J@ dy
( ) 9,0 ( PEA A M )
\\‘> Ll-\/eﬂoch[g # Tﬂreetg C{aﬂfma erJ{ceQ

ur - @av\y/,]{ to ik ‘HM&&LZ ?u(ﬁesic
WO(KOY ZML



Frﬁe \MO\%/IU& parjcicﬁa Jcmjedcmicg

0 Pawjﬂcﬁég MOVl Oy jc//lw,ﬁike a@oa(eg}cg
0 \/\/J/U Use COWSQYUZCQ ?qulij(lég o w:M VZOW[ MZJ (7@00/40/( G?z)t»\qu;wj‘.
. 7‘— 9% JF\'maQiLc L/;,M;V’é[ VQ(,JWF KI/CQJL €= - Tkur COV\SWU(ZJ

?*: 1,000 At de Jo dy
( ) 9,2 <J1)J1sz“)

() = g (1= 1), (1L, o, o D)



Frﬁe \MO\%/IU& parjcicﬁa Jcmjedcmicg

0 Pawjﬂcﬁég MOVl Oy jc//lw,ﬁike a@oa(eg}cg
0 \/\/J/U Use COWSQYUZCQ ?qulij(lég o w:M VZOW[ MZJ (7@00/40/( G?z)t»\qu;wj‘.
. 7‘— 9% JF\'maQiLc L/;,M;V’é[ VQ(,JWF KI/CQJL €= - Tkur COV\SWU(ZJ

?*: 1,000 At de Jo dy
( ) 9,2 <J1)J1sz“)

() = g (1= 1), (1L, o, o D)
Tt - - J T - %o Tu



Frﬁe \MO\%/IU& parjcicﬁa Jcmjedcmicg

0 Pawjﬂcﬁég MOVl Oy jc//lw,ﬁike a@oa(eg}cg
0 \/\/J/U Use COWSQYUZCQ ?qulij(lég o w:M VZOW[ MZJ (7@00/40/( G?z)t»\qu;wj‘.
. 7‘— 9% JF\'maQiLc L/;,M;V’é[ VQ(,JWF KI/CQJL €= - Tkur COV\SWU(ZJ

T'=(1,000) U=(dt, UL 40, du )
R I P

() = g (1= 1), (1L, o, o D)

Q?Mu - ’NTVUV - - OOTOUU‘: ’«Z’i” . 1{ ’ Z(_t
" ? 2’ +( r) d+



Frﬁe \MO\%/IU& parjcicﬁa Jcmjedcmicg

»Paw{ic@@g Move Oy Jciw,@ike aéoa(as}d

W v conserved 7%!41[‘{1@ > wi [ 201 nee d j@oJeg[c efuqJﬁM‘
5= Aimelike J(Umg vectoe F):zU €= T’Aur = (I- 2'”)

C{"



Frﬁe \MO\%/IU& parjcicﬁa Jcmjedcmicg

»Pawfic@@g Move Oy jciw,ﬁike ﬁeoa(as}d
W v covserved 7uaw¥{16§ s wi (! /zm[ 100 (7@0Jeg[c 67’“"6‘}(;‘)‘“‘
. 7 QJC \\MQQ Lc J-/MM;[ VZ(,JWF F)'CQJ €= T’Aur = (" 2M) T~

0 W: gkf SFQC@LL’Q ') ) o g’/ 17/4 U},\ COVlf@YU@([




Frﬁe \MO\%/IU& parjcicﬁa Jcmjedcmicg

Bkl wowe Oy Limeliko ﬁ@oa(es}cg

W v couserved Waml“%icg s il wot weed (7@(%/4@( equ%im\

C T2 Awelike J(M.mg vechoe field; e~ T u, < (I- ) db a
- U= b spacelite ) y R W' U couserved
Ve loo) w4 d, b

sz ol\‘aa<,(|,?;/\%)) (,_ z_vz\jl)d/ V\L/fo)/)Lé)




Frﬁe \MO\%/IU& parjcicﬁa Jcmjedcmicg

Farticl wove oy timelike geodlesics

Wl vse conserved 7%%5@& s wi 1ot need (7@0Jes[c @7%%@\

C T2 Awelike J(M.mg vechoe field:  e- Tkur,(l,zM)dJ
- U= b spacelite ) ) R W' U couserved
' (0, 9,0, 1) (JL dr A0 c/é/)

) / 71:)0(1)0{1)0(1

QPV: d‘@(’(lfz-g)) ( -—Zg) 1/ - )Y SMQ)
1"le= 9 W U = Gy, T UT




Frﬁe \MO\%/IU& parjcicﬁa Jcmjedcmicg

Bkl wowe Oy Fimelibe ﬁ@oa(es}cg

W we conserved ?MO(V!W[J(I@ > wi [ 201 need j@oJeg[c efuqnt?ows‘

T2 Aiwmelike J(M.mg vectoe field: e~ Ty, < (I- ) dk 3

- U= b spacelite ) y R W' U couserved
Ve lo o) wg ) 5 g )

D= b (~(1-2), (12 )7, pr 0 L6

M _ n - Y intd .
Tz G U = G T UT =00 %{,{é




Frﬁe \MO\%/IU& parjcicﬁa Jcmjedcmicg

»Pawfic@@g Move Oy jciw,ﬁike ﬁeoa(as}d
W v covserved 7uaw¥{16§ s wi (! /zm[ 100 (7@0Jeg[c 67’“"6‘}(;‘)‘“‘
. 7 QJC \\MQQ Lc J-/MM;[ VZ(,JWF F)'CQJ €= T’Aur = (" 2M) T~

0 77: ﬁo\g(: SPac@Ll’,& ') Y )L g 17/4 U}« - vEsiv (9‘247(&_
T




Frﬁe \MO\%/IU& parjcicﬁa Jcmjedcmicg

»Pawfic@@g Move Oy jciw,ﬁike ﬁeoa(as}d
W v covserved 7uaw¥{16§ s wi (! /zm[ 100 (7@0Jeg[c 67’“"6‘}(;‘)‘“‘
. 7 QJC \\MQQ Lc J-/MM;[ VZ(,JWF F)'CQJ €= T’Aur = (" 2M) T~

0 77: ﬁo\g(: SPac@Ll’,& ') ) L g 17/4 U}« - vEsiv (9‘247(&_
T

[ couserved = lMo«Lfow oV G |7faw€.',



g: ‘FL sbﬁ@ OdLﬁ ComKQY\led =) WO‘“M oy A P'DME
T

. Consider U= (u",‘&)

0 O\fl/evnl Coodeq‘fe, 8‘754@/\4 So JFanﬂL 7/44):3,‘/3—,0
T

O\JV fowme \'\4(“[6«%4 oj() Jr.mz, Lo X
=> g" O Q‘} To




g: ‘FL sbﬁ@ OdLﬁ ComKQY\led =) WO‘“M oy A P'DMZ
T

. Consider U= (u",‘&)

y Ofllevﬂl Coodeq‘re, S‘7siews So JrhcﬂL U‘#:é{f—,(}
7

O\JV fowme \'\4(“[6«%4 oj() Jr.mz, Lo X
=> g" O Q‘} To

N Q‘«O )V[ s




g: ‘FL sbﬁ@ OdLﬁ CowKQYVB(J =) WO'LIM oy A P'DMZ
T

. Consider U= (u°,‘&)

y ONGVHI Coodeq‘re, S‘7siews So JrhcﬂL 047:3@_,0 ,
dz \ ¢



g: ‘FL S/"’\le OdLﬁ Comwwed =) WO*IM ov a P'ame Z
T
. Consider UM< (UO}‘&)
|
o OT(€w7l Coodeq‘fe, S‘ysiew\ So JrL.Q]L 1/447:5_‘8_,0 |'. llll g
dz \? \ n.

ot sowe (u aul of lwe T X
= (-0 at T

N Q‘«O ’b[ &

:> %_‘O ____> ();: CO{AS]L = Qﬂtc,jg oV Cp: COVI(‘l P%C(V\Q

. Vowl V‘éof;bﬂl Coafd;iwmlé/))jo WLLml 4Le F,awe_ O{ IMDJ/OW .,S Q:_ni

— 146. dE6_
= U 0—(-{()



Frﬁe \MO\%/IU& parjcicﬁa Jcmjedcmicg

0 Pawjﬂcﬁég MOVl Oy jc//lw,ﬁike a@oa(eg}cg
0 \/\/)/U Use COVISW%CQ 7&4&('44%@5 0 w:M VZOW[ MZJ j@aof)eg[c GTMC(JF;OVS‘
. 7 9% \van L@ J( Mmg VQLJH)F F):cQJ e = T’Aur _ (l, 2/1/1) :

0 77: ﬁo\g(: SPac@Ll’,& ') Y )L g 17/4 U}« - vEsiv (9‘247(&_
T

o_ 6

-_ _’—-’

[ COMS@/‘UQCJ = V\AO‘L)'O\O oV Q: % P{QV‘Q :>{ gl/V]@ i
T



FY‘QQ \MO\%/IU& parjcicﬁa jC\mj@C,JCONCS

0 Pawjﬂcﬁég MOVl Oy jc//lw,ﬁike a@oa(eg}cg
0 \/\/)/U Use COVISW%CQ ?MO(V!W[»JU@ 0 w:M VZOW[ MéJ j@aof)eg[c CZTLMJF;OVS‘
. 7 9% \van L@ J( Mmg VQLJrur F):cQJ e = T’Aur _ (l, 2/1/1) :

o 77: Z\L(, SFac@Llﬁ& d ) o g 17/4 Up < v 5/‘4}(9?9—3—
T

_ A

-_ _’—-’

AT

o A | _
S ub e j;f de, o, dj) (%V)-.cf’,aa(_(,,@)/(hz%) | ZL)
simB=1

[ COMS@/‘UQCJ = V\AO‘L)'O\O oV Q: % P(QV‘Q :>{ gl/V]@ i



(U’Aur\ :‘-i_

a

e;CJWU’uV:—i

o- (1= 2M ) dt _ .4 Lovt de _ couns
) ( V‘)d(‘é ~ JdT mon
U"'__ OH’ Ci(ﬁ O d’tﬁ



UMU;«:—i >, wu = -1 5

v |
L

1 O\ L N
(= By (- et W) < L
Q - ('——ﬂ) Sk - comsit /( ‘e ‘_’(_Lf - Coust
= z JdT
u¥ _ %)%) 0, j_éé.) (gp): J,aa(.(,,lg)/(hw) 1)wl) \(‘L)





















CWC{@Z@ radial wotion a:
we (,Qp " /\}Qw Jvomou/) “\eo\/;)

L
Sl L) 2[0-2) L) -]
-
/f



g = ‘%:( ;) + \/eﬁ(r)

Lo

. ewwm" i kinete @me%"

Ccouwvw)

s efleci polurtal ey

Sl LGy 4l0-w)0: L)1 -0 5
-/
g// Veft (v)



L Mel
‘ -\ \/ ():/M (, - *
g‘: 1’(3;) + \/gﬁ(f‘) le/{f + -

' v 3
quqCJn’\/L J \A (
A/eu]%o\’l llouf) oneva
qu/’/ljrt xe 5(\0(7&1(«:’/" ap@ Jrjucj[;[
1 Wow e uvv)
eMNDO V‘efuéuovl ‘ééfvv'\
(C(Hyach/v{}
GLOW]WAM ‘(,OV"
i v*)
{1 - 1 = 0O :>
et - %(%%)1+%U'*?44)('*7L) ]
2
\w
/



0.01

-

él

At

0.075

0.025 F

0.05 F

Vet 0
—0.025}
. —0.05
M 7
— -0.075
-

Me*

~ S ——

V—B

\/(OO) =0



OI\/Q% [Y") = O :> ;).052—
JV\ ().025%—
M ﬁ —+ 3 [1/\4 =0 = Ve 0
4—7:{ B Y-; \FL’ —0.025%—
L /ﬂ 2 —0.055— :
‘{\w;v\)wqy = J/—[ ' + (— lz (‘AZA") ‘l o075k ( = e 60 80
2/\/\ \Y\MM £332<21’—L M 9
" 3. 96y
> (17 ~
2 M) S L>yem " >\ 12
WCOW | — ( T 0O = V]




0.01

0.075F |
0.05 F
0.025 F

OF

—0.025 F

—0.05

—0.075 F




Rac} ol Wt on?, \/e44

NS E) determime
JCI/IV\VHV\Q ?0;\441 ﬁ—,o

adt

> E‘: \/e/}(Y‘)




Rechal wiotion:

NS E) deterwing
quvmm? Pornty %—,o
& C= Vey(v)
Cauilibriun por:

\ = Congr = Cl’rcu(om or({nlg

Ve

| | I I
e VY S'\-Cll)ﬂﬂ QCIL;\Q,IBVW\M (r-_,canr}) 8

wohenm E:\/(\/‘qu) — Unstoble  civeylar ovbik
83\/(%‘4;”) — 340%_ c{fcuﬁmf (Wé{%g




30

20

10

—10

=20

—=31)

{—'ar He F\a

1.4

- L
O/M' [.3

rlM ax

Ve

o W stabd, eciJ\Q.Miuw (v= ons) g

Y\__ f\w O

when ¢ = \/(\/Mq»()

C = \/(\a,.;n)

Sta %ea
Ui Hﬂ;uwm
(e\r?: w“&‘} ) g

_—

— ungrque, Cif(,q(ow\ ovbit

stable  civeudar ovh 8

\{\: r\lM;v\



I I |
30

55 L PR Jrurm'mo ik

10

_lU_

_20 -

—130 | | | | |

Non »Peﬁlad\/c .

/BOUVIJ MO{TI‘DV)




30
20
10

—10
—20
—30

LAVIl)ouﬂ_cj U}/ID‘HOV)
(e'aa EC,GHCNHa)

(,

G <\




| |
30 | [ [ | | 0.06 !

c

20 |- 7 0.04

10 ) 0.02 |-

0 G\ 5
—10 F -

1 —002f \
T | | | |
PP —0.04 10 15 20

030-20-10 0 10 20 30 0 5

FO(Z? /’v)ﬂlo j()a@ ()Kacl( ’/)oﬁa!



I | | I

‘quﬂ o TCIM regiom

{Squa ‘ﬁow, %L@ é%ac‘( i/)o{& F&lﬁ MTLO ‘H\@ égack /’zo&) CciwwOJr
(

61(0'&6 b



Radial pQumga mlo BH
Stact at red e M[imﬂ%

I= dt -
j‘/-_e(lffl_’“i)'~ c = e=1

~

7 =
M




Radial pQumga mlo BH
Stact at red e M[imﬂ%

b o) L o o sl 5 €

~

L " Fym



Radial pQumga mlo BH
Stact at red e M[imﬂ%

b o) L o o sl 5 €

~

L " Fym

:O FM: O_P_Lﬁs
( < he > 2L = O



Radial pQumga mlo BH
Stact at red e M(:’mﬂ%

f= db - Q(I'M)-l ~ ¢ = e=-1s E‘-
dz " %M




Radial pQumga mlo BH
Stact at red e M[imﬂ%

A‘.—CJ%- ,N-l - — = -'_.
0‘/-6(1 LA ¢ = e-1 = £=ezl_o

= FymMm -
O <M = de _
( < he > dj’é_o

| 1_ . A M/L
A - o o oo (i



Radial pQumga mlo BH
Stact at red e M[imﬂ%

A‘—CJ%- ,N-l _ - -'
;(/—e(’ Zv_:) ~ ¢ = 8—i=> g-é__—;o

c M =
O ¢ T@ M = de _
i) - o > - (1)1
N S e



Radial pQumg@ o BH
g+arjr ajr rngr 63 I(V)(’I’VH"'?K

Z(:CJ%- ,N_l —~ — - — - -‘__
;{;_Q(l i_:) ~ ¢ = e=1 ->€ @_Z:-O

de
l
g“"i(%;jl*@:o = fﬁ‘—-(%—)h
(B o ()

ub < (db de 0 dy) = (o)t (2% 0, 0 )




r A
ub < (4t de ) dy




ub < (db de 0 dy) = (o)t (2% 0, 0 )




A v C s
/ / !
N fr"’—drtv( (M) o1 )
0 Ty
3/ y _
> = e (-
R

AT A7 .
()t o (o)

Wb (db, de o ) ()t (B o, 0







AT A7 .
()
Q:(,ngg__J > j_i - (- 2]

ub < (db de 0 dy) = (o)t (2% 0, 0 )




r A
ub < (4t de B dy




r A
ub < (4t de B dy




% _@M),/L > FD= (3] (m (u ™)
‘E 15*42/\/\& ( 2(2M\)/L i L

. to q(IM Jg(z) cubdhitule vz n (9)

(Z«Y:A)’/Z‘ +1\
)"~ 4!



7,

ﬂﬁ-_ _<9\M)I/L = V(D)= (E/L) ( ( )" | (—'3)’/2.
t = JEHiMi ({- _2(22)/L+L4 w =+
. to q(IM Jg(z) cubchitule vz n (9)

A - M b4 S

HL “QLU [vn[;’w;lc ‘“MQ £ 1Lo CYoS( V= ?_M
(proper fime o] w55 IM , asyuhobially [t obierer )




G- —@M),/L S = (3A)" (1) (‘* )" =) (1
t = JE*Ar 2/\/\& ( 2(2”‘)& g L
. to q(IM Jg(z) cubchitule vz i (9)

As > IM , ka0 S

HL “QLU [Vh[;w;lc ‘L;vv\e_ £ 1Lo CYoS( V= ?_M
(proper fme o] w55 IM |, asyuhobially (lud obierer )

o FYOW, V~(T) = ]Lé?la ][)’w’)Jc - {’0 (YOS V= M
{ /) & v “0 ’ﬂq[@ ov Vz O



gb\apa o;f bound orbifs

We
UUOtW{’ = W(C())

C= 5 (%) Vet > (55



Shape o;f bound orbifs
We uuowJV = v (¢)

r= 3 ) \/ef_([r)' (Oi

Z: (Laﬂ
AT =



Shape o;f bound orbifs
Wﬂ UUOtW{’ = W(C())
= 5 (55) Ve tr)

Z: Flaﬂ = old:f

\(}
X
Q
~ ['7
SNS—

(!

4+

»o

7 N
e
<
S
Wl
o
7



Shape o;f bound orbifs
We uuowJV = v (¢)

Cx S (&) Vartr > ()2 [evg)]

Z: ctdd -
H =>

T gt LT L e oy £

(1) JF ) - (<
. amy/@ éf’,‘!’w en Sy cee SSive %urmwg Po'.v,%; s A\ ¢
{ DNd-indo , orbit does wol log



Shape o;f bound orbits
We uww# = v (¢)
= 31 (F ) Vg (c) = (Oi):i [2( g,\/éﬂ/)]’@ ()

/é: (\L& :__>

dd = L
Jdt Az (2)

Do 2 Ly L = (- 2) (L)

U rL

. 0“/‘7/[6 éf’—“twéﬂ-l/\ SY Cee SSive %u\rmwdq Polm%; s Agb
{ DNd-indo , orbit does wol log
o PWZCQSSL,OV) awzfc S¢ = Acl)— 2N

-—

‘/7_



Ag-
de| o
AT ‘ -
(2) de / Yo _ o,/ N . _
o gt [T & [ 00 A

. 0“/‘7/[6 éf’—“twéﬂ-l/\ SY Cee SSive %u\rmwg Polm%; s Agb
{ DNd-indo , orbit does wol log

o /PWZCQSKL,O\/) GWI?ZQ SCA: AC’)— 2:’7



whr ML e,
r3
V\Q7‘zc’€4 => A(’J = ?\ﬂ

(Vlo Precessiog )

(2) A4 G b
\(U > ﬁi—i —{—-L [2(2‘\/6{{&))]} ‘i-l;—L [é*— (1- M’)(H

. amyxga éﬁﬂtwéﬂ-l/\ SY e Sflve %u\rmwoq Pol'mlf l/S Agb

{ DNd-indo , orbit does wol log
o PWZCQSSL,O\/) amzzc SCA: AC’)— 2f7



whe
Is S ML
Wﬂw fe
e

S
¢
Y 61’) (M)L
(

F
on M
WCMW?
~ 4
37
/cent
u\’?»
(e
lech bl )







SJCO«MQ, Circu(&r @P(y“(
y= _ﬁlg | +( (- tz@%)l)’a]

SMaUCOL Cohen _fx—.m = \(~I§CO:<WZM>7’: EM
m

L

Imvw wtogJ( S'('C((QKQ
Civecular OY\A[{'



k
S jCa bl Circu (&r ore

LIL
pi‘*““l(\"%))’]
=

(Jq) dhf’/d‘t
(Z = ;? = AG/J‘C







i

YL

(-1
()






SJCO«()QQ, Circu(&r @v*(yl/k
y= Z%{ | +( (- tz@%)l)'a]

M. de I

~—

-

Ak AQ/JT, €

- w

=
Cowpulc ﬁ N uchfZDn Gf /\4,1\:

e
Vo _ s Mo Mt
rL

=> D
A v v

j“ o = Vo) s C‘((-




SJCO«()QQ, Circu(&r @v*(yl/k
y= Z%{ | +( (- tz@%)l)'a]

{

. de_ Adv/4< e :_I_(,_zﬂ)g

A At g< e re TINE

|- M
Cowpulc ﬁ N uchfZDn Gf /\4,1\:
<
L z L
0(\/"“ -0 = ﬁ-—z—z-P%Mse:Q—_—) _/\;\-.—ﬁ(l—%):o =)£: ‘
A~ v Y v ' rt r YL -—‘:'—3
M

de o 5 £ VeiCoy 5 e (1-8) (0 L) (1) (1, L)












7 T
T g
(1- tM)° M’:% S (-
_ _,_F) . -
g

A‘P.‘Q => E‘- \/9440‘) = CL: ((- p=

AT










dt
FOMT‘ \)e,Qﬂuf\\) MV ;{_ Jé j%
dt o

)
(9095



FOMY‘ ’
N e,Qonj u - (

-—
—

()





















