Title: An Invitation to Causal Sets - Lecture 3
Date: Oct 20, 2010 11:00 AM
URL.: http://pirsa.org/10100040

Abstract: Introduction to the causal set approach to quantum gravity and overview of current research in causal set theory

Pirsa: 10100040 Page 1/340



P 1.

O£ \\{’M 30N ‘P'lﬂ')')“'\ JOOCf ()Oq'z-— (}t//)g/?Ole)

’_3
















; Wﬂ‘}t‘h {)( “J‘-r’ Nuwlsi, Qe »fu;
N Ve makes < < § L G2

™ \'Rlnku *5() (hﬂ-{inum*ﬁ. ¢
\ ‘)1"*{![.#“ Cs

)
| N l.l-.[‘ﬂi.,j-.‘i ':,'1,1




\_ \ < r\‘ﬂk W Uy (J.er { Nuﬂl,‘, t"}r_.r_,’.i{ ,{\7
~ V(¥ ZWaa A e {
X MEMaNCS ¢ Yelale b (hﬂ-linuum
\ ‘)Hnwn CS

1

l h. LAA ‘ﬂl;_p,'l '51,'




Wﬂ'{‘ \r\ :)f OLT i Nufd A = [ AT r‘f\
. \ J j
K inewakes e

<3 T'('m,LQ “‘b (hﬂ'iinuu.w {
\ 'l}rmwu CcS

.
| g 1,*.1.;'&.;,,1 :]l_l







| ; k i
[ '\“‘.‘u U '\ ‘F'i \\ .1 {Ll .ﬂ

llh LALs ) .,1\1 :]M







3
7‘?(
U::s
A
l ';\‘\c
: 3
«—<
v
\( ;
:
\ "
e
{
Gt
O
ik
\ N
\
A
WA

h
A
L\S
WA
A I GT
/I




#p M i r-”fr (J—Lr’ Ly | # L s o Ay
\- N Ve h'-”*’L':-' > < fMa (= Vi Uy !r‘ ' x»f{/}

218 YRla v Cl\b‘i*i‘inhu;ﬂ




e OF i el
YRlal v ChH*i\' MU WA

\' ~ IVl waa L C

o
A

- l‘.}f,d..,-‘i\jh..l

\1
*}r\umn CS

)
1 hli '.lillf!-l_"il‘ "ll.-‘ .#f

T ( (i




e OF i el
YRlal v ChH*i\' MU WA

\' ~ IVl waa L C

o
A

- l‘.}f,d..,-‘i\jh..l

\1
*}r\umn CS

)
1 hli '.lillf!-l_"il‘ "ll.-‘ .#f

T ( (i







( I(FCWP%W‘{ Coneativh X (#;. _;(}







_ (lfrc-mwm{ Conedutioh X #; l‘()
Ve 9 mgi-!mvw)




(lﬁc-ﬁmm Conduith '#‘\"3(}

: \\’(Q»{.*JMJN)




o g <

{ -I'*-.\Il'h.l ( (’t% n -
4 Ji ~

\.hk’“{ ( 'R‘f’m'.m*;l.hu e XL

, .
IY'{ ¢ 4= o \ W




o YN S
L < ( (e

1 |{‘~fﬁw‘;\ {”QHLM'K\U’I X o Q‘:\

L \Y’rM*.r;J.hU e X '-*r’u"(:-; Jvdlry ) /

L




Y : ‘0 _’ |
LS S Hf‘v’w_l}( N ( 1(!’{'-?10%1\.-\( (’, e e .f;; j\)
.\'I*'wt/{ ( HY’rA'.nr;J.hU{, (g ‘{(Q-{'II’&lwdi - .




\ ] |
70 .[\
LA
: y .
i
9\.
'/\
<
( |(
[
f'?]{"-f
LI
L

'\‘Il'
'r(){
&
Y AN
oIl
\V e
e
Iy
{
Y
0
ol
WAL




v <<

\/\; &w A ( {J_Ni?t <

( errr{'y.t}'bvgﬂﬂ X .rl\f (\
\"h 4 ’{ ( '*W’M‘-'ﬂ.‘l-liu e A 4 ) ' /

WA ed oty f \

N AL (S < q




524
“ﬂﬂ X
oM
r'f':.t.i\w.{
( 1(re )

Prav
Cg ‘1\’(@_*['”’1

H(b-ﬂwgg
U <

< QU ><




P

N AL N»Waﬁyt ““‘f ( I(red Lo W Conukanen X ~ ,,(\

""itA' (hvu'.wr.'J-liUE ' 1((0.—411”*-*'“)

QAEL b < OL

_,_.‘.-
I:"‘-—_-l-—"h‘



( 1(({'? oW (QHLM%\EH >4 'f\ j\\

. ‘\, _
Wied WW) Ao <k < a

Q







¢ >
e~ ¢ <3
L'-I. -{\'x ol : ‘l -

_ C A/

=

TATA
N ( I e 4 h-:uyt ["h',a,g.}.«\u:rt > 'i‘\. w0\

.}‘ ”\ t\ lh’-:'.‘n'-f.'i-]liu ¢ }1 1{{1;_;(-.14“;."-‘%'\{)

aAl /S i<ia
}iﬁfﬂ.!{‘]_(zx i \ ok QA < R
(

' (
WAQ Ty \ il ( \
WAL e I 1 !_f{ AL - X 1_.{‘_ k/"




Wi v *.uvinﬁuu-.*ﬂ
\ ‘)',-tum'll C3

.|'1I 1 :
AN WA= PRl Loy ! 04

\ !“.f\..[i'f.w.{ (fj}“;ij\"'ﬁk\{"‘ - 4 ..; )

Ly ‘1 't
I f{“l-* Y. %{) {A ‘:: 1!:1 q:‘l ; .‘-.

i‘l \ .J__ ( A = f-'h




Joe Hemson Pirsa W09 0012 (J//‘{/»’ MJ)




Joe Hemson Piesa 009 002 (N/?:/Q om)

—

e
( ¢ N

r} ~ 1 r;n‘u o 7

v




H-am 30N (PIRSI’\ 1009 o) 7 ((L//'z//}wo)




j 5, \ \‘{JN\ b ‘\_)lﬁSf\ fOOq {):,) "TZ_ ({L//Z/?QH))

() ‘ Lu,.r MLAZ

\







Do Hewson Piesa (009 oo (f"//-g/'”"’)

—
e —

O+ her NA? | ﬂjmfl‘ﬂ , Ww%mc, T fﬂpufunv
J




\'.J ¢ I\ l&-‘;ﬁ 3pn '\)I“')A /OOCf (){) ?’Z ((“f/,:;/? OfQ)

WA
) l L A ”’T"” g

Yalr ")"""T'l" | -".‘{V\'g(i ‘T: “h[’»’vl"u-f.} oy e
V!




e T

Joe Hemson Pirsa 1009 opiz (f‘f/-ﬁ/’?-o""’)

) | " / hl.z"” *-) 'r".lrll-"l




Do Hemson Piesa 1009 OD1? (’L//'E/’}‘O;C))

o T, W, o
. rw\” ' ) o

0

) 1,",17'1"'\ : wﬂf;w‘x’l )

;,-‘f’h n'ut ‘
e/ I




Nog \-l.w 301 ‘li:\r'\ 100910012 (14./; ?/7 wﬁ)

+ o A

( Jt Lo nl-'l )‘pplrl‘-\ (' &~ LV\ - I: —




)o2 Hemson PirsA (004 OO (i /48/7 m)
— —— .-n.t.*l‘-‘l'

) l}, v n p ad i 7 =l |
i Bart ‘)‘”TIL"I Mad ;p --J.\r’muun} 751
Jf !
ar \\ /. \




.\_jl; o 'I e 1 —
 Howson Pigsa 1004 007 (rt//.ri/wo)

= / A l' I.,_,ll\

Fill-'-.,' MNLAD A W L the M I"_,"T'l)
/l )‘r.-l]l 1, I'-rtaﬂ'LV\"(' djﬁ -—-Jﬂh r}ﬁc;uQ#"lfh




‘\ oe | P
{ \-\-w.n inn '\ l“ﬁf\ @,

24

S NSO Y. |
) of (A4 I I'r‘V-'\'Lv'q\{ 'dr
J ﬂ"'#!k-r)(rllh'fk
L () !



Joe Henson Pirsa 10084 OO (i /48/7 cwo)

_ |
Ariad
\.l‘ )‘I’J]I1L1 ’ W-#'L'I(\f\\{l [ .-a'f\ rJnlltl.f-. % ]1{}
!
/\ /
J'f"':l, |

A\
>! :




Joe \Heomson 1PigsA 1004 OOMZ (}L//"g/? 0“3)

: - L) A A rJ’T.LJ.’ ij"[‘
Othar e Avaph, Mahay To =M ol 741

{
fi / \
— N/




, \\w,ﬁ o IPI\iSf'\ ol OOY7 (}'-f/f;/) ,:,.r{))

_.L-Jll'-"l'“
A

m - I - , e

OTRe N avaph, maday lo=Npolvgy -

Negl

e —



TU'*’ H#m Jon _
TPIRSA 1004 e (!‘{/13/'1 o&)

——

l'fHunr r'u,-("
)""‘T’/ W“’M) Ty~ pol A
ﬂhufﬁj 7

. ) fr,lrt_)...r }




' ' AT Al :
0 ﬁ . - = A< < @
LYy E‘.‘i.j.;..-'r.-'r-f.!f.--l, : .u < C < -

I-)-om “_tm _'l IRSA 0OH OD‘I?_ (17/‘5/7 ':N)

{.J | L’J‘-! fa A . AbEr "
1 )wth (Mﬂm.ﬁ() ’T:: —-‘ﬁ-puiu,, w50
- ‘J‘ A

i

v ]
/ Co & @ €y ' /'\
0o <& < r}l WCS S O'J' (l « - 4 f \\
' - ) B -‘ \\\ F \

\ 0¥

ot




» {)

 Howssn PissANCORNOONE (,y/,,g/';oﬂ '
; A
1 U/.)..-‘Jl*

Tilsts )wﬂh“wﬂm) o =M oelva B !

I
('.1 ( P (J & i‘l
e <@ <0, @ o /\\ )
1) €% S @y, (< @, <) \

)




h‘@;‘,‘u Jo | [RSA 400q \)r)ﬂ? (;(/("/}o 0) ff,

Ah A
I ,i‘ o ru,l,rt AYd l . b oA A QT
) N 1Iu#4.‘q-1w\(> 1 N pa | T\
/ \ . y | - PR WL

i < . i F t:{jJ .

_ Co € 0 @4 ' /
Y
y o
2\ /2
AT




Joe Hlomson PIRsA COqODZ (,y/@/r)_@a@)
e i

. P Yol d 7 | : | - - - 0
e LJ.

A

F } ]
Co € Y4 (,_‘ . I\
" Co <@ < (]l WAL L 0 (i C- {'1 /\ < / \
i f;.‘.l\

[\
S




I ] A . 'I_ +? q{h.‘/
3 y ' 4
| IRERRRG) < C < a

Vo e |\ | o Son IPH:'SA fOO‘? OJol lrd (N/"g/'}'@o)

Othas Do ")Y"ph}' W"*#""@ T:, =\ Peley s ¢
- Jeh) =<

w ] - -
/ ( o r i {'}‘ (‘j .‘ A f! -
i . y :. < A o (jl \ - “ i O'}_ ; { :'_ - {'}_l /\ f \

-




ir 4

=1/ Sh (PIES)‘\ !OOCI OO“’?Z |




' <_; - 1:\:' t,_,l_lf-"

Nl ¢

BRSO < <«

\ 0@ \ \E‘r,‘u S0 .]Jltﬁf\ {aOOq Doa?— (f‘f/;?/')_of{}) ¢

e S—

| | \
)1 M Fo ] A S Vi / | !
! L.y r\lt'l )"I,JT’IETI" {d" ﬂ,‘w\(> "’-l; _.-‘1‘ Fnr‘u _;"]{}

I

Co €, Py fj'-; ' /
f) ’ o # .,, ’ ) P £ f
*_,p' f,,-fl-,(l!{.:.f_ﬁt} ("{r}'l \ .

r',.-l_ ;:.41;#..1 -.)fl--‘:"‘, f\t

poun | [}
e ALY |..*v._* c rh.l.n_lp‘..
0,


















_:-"’-_

_3’.JQ \1-4’/\!\ 30\ {Plﬁ.)-f\ {OOCT Ooaz (IL//

(" ) I \'tf_l_,.'r Ir‘\l.jf) . p /2, L\ / | | \
‘ \ “"1” VAT "‘\"k\/\
3 ’) / & 43 y ’T;—-'f\lﬂof%j(;j
/,-v (,".._, .gf':‘t P?. (J3 .

Cald® < €3, <@y, &< €.
: =/ 5

v ES '
‘ l * Ve J (rj (#h ﬁ" '
( Hf'l.[".' Ls \M. Q
0
i; | ) &




L@ﬂﬂ\w‘ PIRsA | 1009 OD97 (!//-‘
OTR A 1*’%) TR

/.o €o € 0, @,
-c:(:'l’1

(P G <o <o
\ ,f’;
'\\v * ‘i

, )
I lla';'.,,. r)-_ .r'.j( FLY%

A ‘,*!‘,'w ‘ ltrrulﬂ
0 |

s

Ge S







S 0 Q H#m Sv "Pﬁi'sf\ 1009 OIP)lrZ (‘/

[;Hu; r\u(’ jYCATILl W-ﬂlfl\y-.\(\ T *kf

nlmq

o L .r'.] ( #W
(HVit L",w N Ll' (1Al
( J |

e
l ! ;- ]
\ {
al ) | "( 3 ¥
Jr "/ 'Ill i 5 E
|
, &
=
s 3
-




.

\\ww 30 N {PIQS)‘\ 1009 COMZ ( L

wHw r\u‘ jva/ Wﬂ’(\a) T kanw

/u € € 0, e,

T N G <e <6 . iy DS G
X / Laln
Ny’ | | s

g

Jd

/

P )
' Q@ B




g—

3; ¢ \’#m 30\ {ng/\ {OOOf OO o;z ()L//

ol g o) Geabo T,

Eo €\ IONER

(” _':r G‘| ""i (3‘,' \ (i _.,, < Q'a y (-i'\. ‘< (""}

Qjé}_ }

1Ly
3 [ 3 \
Iy ﬁj{f‘r] i ) {l) l:___.) ‘
- f l‘r .[',I'U\I l" 2 (:) (:} = (9
o | ‘

Q )\ \% (3( (J'u ,{u
W A >




s@m 30 N PIK\A 1009 Ol (’//

e ——

[)Hw.f {\L/‘” ﬂj'&”cﬁ"’l/ Wﬁ"(\f\) T 'J'klOunqu

€ € 0, 4
/ & < p.; y (Gl p'?_, J Cor= G’?
.I. L= | "1- S
WAL 1a {,() /K/ I (@ ) |
Ilr , ol 4 g (o f I @ () (o |
[}
{J(\‘:J 1, IMES l1rmlq ! G O B 0o

A

L Q )‘ \% (J)(flk't{{(



- =

0@ \#m 30N PIK'}-}‘\ (009 O (///

(O \LU.! r\u‘ﬂ ?de*ﬂy W"'AV‘) T "'h[onf-a

_'_,_...r!'"

g

/;. € € @, @, _
‘/ /’ & "(GJI{@.""}C_?'{Q (“‘(QE
\J FvlmVIiw\-tQ /K/

| | o S r—Jm r..) (@

( ;I(]lk_-J UW‘H S rl“(lul 'r’\




’\ O£ \\—@N‘& 30 N {Plﬁ'if\ {Ooq OOG;Z ()L//

e —

————




Joe Hemson Piesa (008 OO (14 /;




Howson Pigsa N IOCTRODIE (f“////')o-fo>

pc N

|
(20 Lu.—.r rxur’

)Y‘T’L"J: VU a Y\Q T —~1\ Ouin ' 749

I

7 (}“ (.n Irji.. (J‘r
o /ﬂ * G < <G e FNRI<Ie!

r f 7 ' 4
\v d r-"n.r11|'l"|, |h!_l1‘&'(j -"'II | o f

y o)
- 2 9y, Y [ . ,f.

J 1(.:#.7

Oy |'ﬁ,ﬂ ll, awry

\ . -
"li1 :lr'-.'I.L‘ \h\ ()"{(llkuj}
b e

. : '-E' )
It‘“H filn e T reee. 9 - e

0| L R g




X 0 Q \—\um So\n [PIKSI'\ {OOq Ooq?— (W/;g/?@o}

———

‘*- &

N ’ i
[ (” ('-' pl_ (J 3
<€ <6;,6<0,, G<e,
il Q /' f 3! ) 5 /)_

V & —MNima - o/ O | X
o) v | )

T € 1!1)[‘.##.1 Q0 @, |'
| N

(V) 'l:- Lﬂlll'-” S ,lrnu]',\ ‘} {) A = i ! L'{".L,I L-\,U o ;U}{

( /

rl'] i 1 ‘(\P\ | | 1 ./ J\!IJ"- 'I'r."{l -E
| }I'r'!}"“" \ % (](("'u ‘{Q @) (b)) (&

b




‘) 0l B . R~

\ o W% L0 3 120/« F
» |-em Son “IRSA (OOSNODI7 (!‘*f/?/f}i)fb}

—_—

[ ak\mu., MN\LAD AT \ I A ,Tr“a}
] | )1“T]E';f|: Y ‘%’QV" ‘){) H_)U _ 1 FU I r;'}\ﬂ'

- - .jc’}’- )

Co & @ (.ja,
T4 OGS E S A (@ €,
\ ) : }
o) I (‘l J
t I o 0 © |
{ D O o ] it J-,‘,{JJ A jk'};




[
PLALY

¥ 3o 'Pli',‘sr‘\ H)Oq OD‘?Z.

. '\.ML'" -r',f.-lﬂl‘lr;, ¢V ﬂ."(y\\{

LT A \) f Ol
-J-il;u . ( J\

A
) o

Co €, Yy (JT.

)r A Ja < . |
“. ] fd & [‘ _.: {J‘l \ {.; i (] [. _} / \ f

4 '*.ﬁ KI | '\\

ks droun 2




) 1(;1.1 : @)
ti‘H[‘-* LHE S lulujr\ @) (=)

WA
:p"*‘f-'\ )\ i Cxclu Jn \ O 0O O
o

A ).\9 i“"h*}(
,}\!d‘ .vn..,‘p_. X




v ’.ql

L ' ¢ jiz
.|| )

B @, =

/ :J"f(-l"":()}jc_:-(p?_.; Pﬂ‘:@]
2 o Il - A -

MV iwi o /kj “'j’f OS] (i_)

I { 0 S ) ]fnﬂd
( 1"-’1"\_] |-’ WS f(l'-’“-" N
( F
| "
ay '}r'-if-fl\ \] Cx Cth
l\\ /'j ‘Q

Cesngmpnr T e F



L 3o ! IRSA;'

EE——

L] r = I .1. 5 |
. n"rul.nl."...qhg r/() o 0 | | (I) J,r’l ".‘ ,
11 } T "}-‘jff‘ﬂ I 20 D | f-*" ,‘\.
i Ii ] " [ E r{ } |
Oy Ymbs drown HNONONSTA gl mahiy

) i Via\
al Jllr."L‘" ( \\; (ert’h- ,J_{ \ 1 v, O OO l'-i Wia'y X
Def X<y fwk if 2 o x<zcy




G & (o e.r

v / G < & < CyNiE
\ &
\' . r‘ﬂu‘qu.-.,.q_g /()

H{"'-h- \‘]L"}f‘*1
{;;1'\- ?mtx cl(rw}n

(
Ai. avarl -j,#'\\* . \
1"{ " (:({" Al
‘ (L\, |




Iiu ,l-r }|. r‘hi

5""“‘ its c||m-lh|

\) }r.’: (ﬁ (“de{\ "




‘ [—

——

S—

T’
"
T

~r

v

/-' (or
0o < &\ -(9
L)

\
QY

1 a

) - J L]
1r-~1

Ll i F
1'. |
..
Gl A
D |
(
a b‘
LS
k

'M\(‘
Cx ¢l
V]
ﬂ 2
o
% QRO
m'rt- .';-D "
. ';3’?
.t







)frhm

( Jfllh] [h\\} S {l[rluJ}]
(

d, Ara Jl\ (1/ Cx I\,
)" A § Kduge

WA








































2l A
‘\: f "f"'11H-1¢£ -k /()

1 |I*'-’"‘ ;'Jiq f‘*T

(:} ":‘ G".| - "_:1

“"‘!'j' Vits rirﬂujn

VT \
“1-9raph /\’] et o
( QLR |

i){r— 3('"-"3 ,Q_gﬂf* i'? ;Xf’ et

—

( "L“"*}*' LW [-!Lr ; Lyl ]:L —— 5
~

AT o] J'f,g ety Enhﬂf(tf < ﬁﬂhd¢7'
g \ UV Y “IJ‘ ',-i ; R‘bn)‘llﬁ ("(.u ' ;L _ f)

b |||'1L-Ef Li.|“\ H\J I"'IJ | 7

| |




()

/| )
Home s ik i ---"a o \ SCVUW) mhise

2 ol Q' O
4:.’I‘] L'ﬁ,f S rl[ﬂuﬂ‘\l .

i :' i ol i I x

R 2X(2 Xf/f-c:j
[ MR X< Bk i f X

N 7R VR

8

4| =) ;NLQR (‘fl' - {"*\fl)]
e b haf A ‘i\l \Hwt ({Jls‘{i»!\ ’n ¢+ LE Wi ‘rL‘*L J|\J

P“!-‘O"Gﬂﬂa ( .:,lhﬂ.jk Con i ed wi iy T~ 5










1""pr.¢ -Jnn’f'iﬂ N ’ L. . { (=) l':! __.r.ll
“I“IE' L*l"l‘lf S f‘f{‘l'.l“"‘ latrﬂ. D \ 3 " :I‘J-' h‘"“l‘}{

o 'j"'ful\ (*O &(]h‘{\ IS oTIe, I /tld. WY X
Dol X<y Rk 1f 2 2

ot ¥

=)

€[4 U =t gl”ILQJ{(Lf > pﬂl*.i{{y'

'[l‘ ‘1. h_;LI'I. I.lvf . ( |
' n L. 1."-. {i_ !( it.] [} L] h.l_"_l': Lis {I.\' H\j I" U
| {




Co € @ ‘,, ”_._
/ ! Co <@ = P

\. i /()

t % J J[i*l‘
{-'n'm- \ \CS :
¥y C f”lni

f\. "'f ( \] (Jl(flw‘{\

\J'I'- LY ¢ | ap : '
Murad JH.U«»«J ( dwt 4N W
. AU ¢ .

_.'.;,. r;.'nl.'-’“}: {-‘ﬁl‘r,)lnln.\- '(1-.;' " \’ﬂl'l* Ln | / " .
‘ b [-l'.uii l‘-w“\ H\J ill'J e &ty

ll"‘fj\ N r--‘\l, -"‘))

E



Q0 O
[ .
O .0 O O ¢ %:'JH\QJUX

I l ' "n‘, rJ.,. A r{hl \ . |

ale D"ﬂ? S dr
' { aw )
0 "\ 2

f\! ,:}”{l (O GKCI!U AQ \ } ¢/ (e O }\h’\ Wl,.;k, X

Def X<y Lk if X2

-







.‘j* 40 !"'

‘I" (jﬂ {.-.1_ pl e]

{ / € <@ < S Nes
\I: r't‘ulr'llq‘11,Q -. /()

|
[ __
i { ; ‘1
I 0%ve o a Jr.-u i 4 WA hﬁht % //
;.'."I (V' ” Me'S f“ﬂ'dhl 3 - )\IJ‘ l'l”ﬁ-Lt' ) 1
RO oo
r! 1'. ( \‘} e’(dhﬁ

| IJ'# 2 f f_+' }( < ¢ < L}
Dol X< R of X

X ‘.f‘l(j _— glfIILQ;pn (f! < ﬁﬂll.k}i(?]

\'I' { ks &ﬂuj\l.t C“H{i‘f!\ \a "Iilwl;? LA ll'"\ ﬂ\] )

I

)J l""'f'k.\.l {lhltlhl



")"’"T’ \ q |
Co € Py ("3

o <G < OIS
\'// -mrM.Q /U
o5y dia

F} 1“'“1 ?
"l" l'" ||I'|,II' ] t"':ﬂ.']ll'\l

111 'r r!l ( \,} (J':dbjﬁ )

D < b H e x<ecy

4 5
C I L,
ONElo o Yt i chiy ,?/
: AW, WAl X

SO NONE

A4 W =t ah o JII..* y |
Yakof ( plk*@;

-'f.“-”“j: f.-.-,;._'i.lq (1; " 1: e gnju (.“LtkLL

Py U Algeebh ey

EVJ)\IRJ(kKHJ(

b "i i l[._r.;l A “‘\. H\J i"}

g i)

l‘ any. L,"I\l ( i'hlr Ll



OV
}“U 0“"4 S rlfau}

(O Rl \




“"”l“) OM S r|(au}n

k() e







& ¢y O O N ary ,X’

Ref X<y Mk 1§ A2 o




2 TGk
Co & FL e
/ € <@ < eyyies
llh"-lﬂlﬂ.‘.ﬂ'e | /()

) qurﬂq |
f'“'“ It Jm.un (NONONS! 2 "J"**‘u

'n tr,! ('/\ (_,de‘\\ S\ ¢ RIS )dd l'r'ln‘.')“
a 1._?_4:& K'(la E;}_'} 'v[,‘ 7¥f Cl W < ¢ v

|

r-_ILQP(i,, o« ﬁ ll"'}{)J

A\, me{il 2 ¥ i-lw_I wi {4 f‘:\] )
A R B

r.




i '_rlrml-n-..l"r -""‘-"r‘!-"

Joo Hemson Pirsa 1009 0017 (/48 /2:00)) |

| ‘1}- ! .’xu\”

')‘r'.:ril-._., mqﬁ,;mg) “'} - W2 _sr'~("” '
e p y, 0 fd JOJ‘ . .
o { : .

, €@, A <e




(,J[{’/u‘u‘\"l’\'ﬁijp - /\A““}VQO
)\D < > { if_’.f"‘

i DA‘DJU’“ b—’\k

I

e
L “
: ‘) )‘/_;‘H'E\u '
| i NN

'1&//?/2 o/o)

. l )(!; {J,_
TN (

uj({;)




Ce (& Qt 81

/ (ﬁ {G‘*9‘11 .
: } 4 1

= 'W\\ H“'ulq. _' ._--} 5 P r_..- ! I
Bwmadd) o

1 R““ (s} f+) (o I
PLAMNN] p.ﬁ 5 ri[‘ﬂ.llhl 1.. 0 o o o (4 Wy jd\\

0 |
ol '}""!‘l‘ ( }C\\j (Jﬁcfud,( \ AN (] o) (&) l” 'V'“k X
A S (A X <<y

| Dol X<y ik |

& s A
'fu\'-““}; perehs ( | A 3 th.ﬂ'l (W < fa hf.-’ ]

l { [ i ‘ i ¥ t L .'I[
4 & & |-' L rrl‘\J r L | i

"L Mtk teg) Avansibi el

Vi) (V)¢
)K Vit U HJ‘F -“J‘«-:,,.-j

f
















/e _J. LA ‘I\:VU.J“/Q 1 1

:’rJS'{ :

g'l -‘u‘m APND

8/340



— e s - --

Piis


















FrRAVIE
L Wl W \

a X , A <
s cal TS|













,__ M-‘wmaﬂ Pa.?%“ ?ulmmv
Ve - MHL(‘LM\,\FCL

“ln he ']/,\/{ \ (md’f'b\










f(a..lo)

(Laiﬂ QK\

LA ¢ lu SIwWA i"lk
§ X J (A < A< l}%







L 11. (Vi iw‘\ Y\ ;/Q ) T) v 3% --J 'S’M‘”"‘r-"w‘ Q.

_-_:-,lllﬂfl,L(_[ﬂr,ﬂ\"_l ! (.L\”,ﬂﬂi \ WA /I/L .UL"’J {'\

JL__‘I - ! - v g 5 T A0 "\'.A.'I-:' \
| Py 'km

\“ Vo | MAQ










V ’(%) T(ab)
/?\ % (La,ﬂ G?Tfiw

Je{(_lu S1 WA wt
X i X J AL KL ]J%




..
e

mbe AR ooste R \V
L |
(AN LfLin"..l p [‘_'L‘L.ﬂ”\l \1.( .;J\J LUI{A!L! /
A /
" L - & ] Ir‘u:““\;lll i

oY
L "ft l"l’l’\l lv'. ll'“h*u'z




——

i‘r'ila‘ru.xﬂ} th!S*"' ;..L“H .jf

} r‘( "
: '-“*L*’L'”‘h . L!\:‘Lmn \ r]; 1“ Y {,\!l’] /\

'I“'T“ Lﬂ-m ‘ L
l | Mg

-
.~
e il | -




Pl e e e s = P=—eu—— i _————

L'r’ll&':nj—ﬂ) ‘;’76"5%#] '?LALMM_.

f.al'-"t'L (,Lm.‘h ' (-:L\mn' \ {-’_‘,}j..}, | w;d{'{q

l' 1A Ve v auky \
| Pryv LP-‘u y

Lr(.‘rl .A}MQ

l




/e 'JF (N lJv:NAJQJ T?C’S'Eﬂj %«%M_

—

ek andidhain, chaln, e A4

e
PV Ry, i I

N













(AN 4., [\-1.
C W, r_‘\‘-mn' \'.r.;J.J,.-,u.:HL],

L]
l .thf,hN;,x

J, i ) k\I"-*\'u '
\. 1]




& fﬁftt

Y- DY AL~



















M- prden € R e

unla L:Lﬂua‘l\




'Jj'tt -2 (o) T\ )
Y\- DC AL = Y

Uil abefod ' \




CA

/w- D(d!\ﬂ'h & F'Dflt N o |

AR l -ﬁluﬂml\ \




& F'Dfl o n -O - l_.

Y\- D AL~
unl nlu,?ml\ J\

0« 1
S




M- orden < P03 N7\ ORI [I g ) o
- | Gl ([
A Al lad ek, \H\
@) 1)) e
\
i O
_-.é'“""--




\ W’la"v .X

2(2 ct X <<Y




s AT N=




e R
I ’
wnl ahelod AL \
() H W)
\
0 (P
I [o ]






















=

._I”.nl.-lllf.l

a %
o \
— - L
r —

1 "-lfr‘l.










Ll e J—— "

=
2 28 2eyy ””?

”\6 b 6% 318 20y ‘M']' 3 GU(A

O )

D
\

.

—

S ——

.
—







- G I, ?I 1
. ) W) . 7% \
" or Al & 11 A ‘i", _\g: MEATSIRE 2wy 914 2 \ [ e )
l.l.‘.‘LF‘hl.;"J- P ) 1 { j I [ ..II‘ 1 } : :/| |
» \ { | \7,
' Nk —

3




-~
— Py - ¢ =, .
"V DY A ™~ . - A O 1 :1'.:' o/ d / ?u

¢ :
ol akelad L | ?"\ﬁ MESEEVE IR 20y [CAgq ALY TR
N




"T_{" e gbruan_b;vj







.
¥

1

ov AL~ &

L] ]'.‘ 'LlF’J\

{

I

hr

D L ot ) ) i T

L | '5:'-,\5 A NI

@) o




AL S L E

31X

L1










-L a = i oy

i}l(’ r 'Sul.!zrr-.o-'rj F{ [nl ——







3
Ly }'

S
£N19




* tl"*L!l-J‘

NnEo|
LI

D) Mo

(A

e

r

il

g ) ™
(mf" :
UASITEY RS

"

¥
)
- -

lat

i1

(/
}19

2
s 1% f

d
994

——r



&1 LN Ik '
- I SO T
A 'i'*i'*"'iu,Q{}Ju \ \ X (1%

]
¢
| {7 S O (S TR
E: 5 % 1 'StrIJLI-.':.'nj | { [n 440 M N
i 7 , i S
. N
I Sk i
L o o
: 2 i




y\=- OJ

T\ K | ' z J P [ /:,1 5 )
Uunl r'*l:f;?ﬁ»al \ \ = [C "J? oy







Uil abefah

— 1
| L 0 oA '__-. ¢
;' —f—;f- - ';HIJLI-JM [ { zl ¢
| \ 8 { J Wieg S
| i 7




— P35 A
."‘\I;‘i or "j‘ ;‘ﬁ :

LA |"-.h ﬁt'-l.-?ﬂ"t

& L e o) ki) ,:
. W/ P\
5 SORHESEXTA T T I :

i } '
| )= (V)
. \*/
! . g
.::.'}— _+. "-.HIHA-J.#I 1L l' _— —
& ‘) , —ll g
2 N .
¢ i "
d (v
i 4 jf
/ e e (R




N

— D = “‘r"‘h . ~
Y- or A & fivs NESIO| () A A -1 Sy
I i ?'-" 5 i g | Tr '.Il.f’[, )
Ul akelad N 63 L8 20y, /914 , | s
@A) |
] .I ,l
b f / ,-’;
iIL fls ) —_——ie, "/
LS ] ] I! J | '
. - ¥ t Sublas .ﬂJ 1! r. i ik
i 7/ =
2 N g ' | i
A
L




M. ordens €2 N ) G AT I
| || 2 5 A : ¢ J(aqq 324 .
LA I‘Llﬁhu?si*lln A - ,\) i oL HEE 2oy ”’ “'. e
@)@ [ |
b | ’ Al o
'/ 1%/
:.'L d s ) -—l-'—'-'-- \ F
L L "l'"!l'!ﬂ-.i-ﬂ { ! ) ‘
S J I R
i ") .
‘ f';w'-’ —
Y240ll ':i'u, " f'."



"MN. ordtn € P o5 L S ORI RNy e J
Ul akelsd Il ?“\5 A ON T  TT [E 1-:’5' J' A
@i [ ) |
; Wik V)
N T Doy o \_/
. / Y =y T Ut 1348
: 5\ hP ™ _' 12
%X_{) M oo 000 Qi ".:1’- ’,
< fr &%) Lo ({ ',’{ hwrin

DI

(N



b
‘ . / ¥ Wl
0 ‘rj ULLA LY




V- DX .r((".f'\ )

¢ P2 G SR W C T e -
-.*ﬁlﬁuj.?ﬂ‘lll :

| d s - —— \
|

) . '
-‘cj}' 'S HL-HE»-J.T‘J | [ ll

H Y, SITANE ,:L

VW of chariing




_x--p'jl . i - i ' : ' — 3
- ordin < (U g
- [N S IS 30 200y Jt9qe WI3TY T
i-‘l‘hll"‘l‘ll-?ﬂill ‘1\ (l, 1, | r \ I -
f._) 1 3 [ } |
\ i | ) || |
F ,|||
i J
| / ')
'\ fr
ril
ri I

4 /Wy

.Iq,ljll,'




/N

- DY A LN |

AW | ﬂ'-.rl.l.yﬂlll

—~—

YDy “.i J i



— 0 .
Fa¥a iy r‘\{;,\‘f FI" - HC‘ 0 |

A
Ty i
AR ﬁm,?ulil

L Pio |y — \_/

Ay A

“ !:) { ] —‘ _'I,_____

W50 Y Ch \




— Oy
"Y1\ - fijLﬂfﬁ £ F

H

Hlnlﬁhlﬂﬁ*

N

'_L_- S "ll‘!.h-_"..ﬁ
f{ _J
Z
(4 fiﬁf

(N

G
31

~Lagmc

eryy 189119



I|
b S A e K Dl

- ordan € 2SSO ST 5 R |
"'ﬂiﬂL.l.?ﬁJ\ | | ?!’\5 A 6 g LoV H'H? Jl:fi.* ; )
@ 1) e [
‘ | f/ ) V)
I h T "'x F 1

7+ Sublacdy 11 (e

= Q1 ——

7 f“::r'-" L we 2| g

- ; ., —
l‘\’ M AN] “4 f-l.', v L y "
n.“- ’ { - } l'l J
( . W ;/;,’ -K: | }
- ‘ o
GED







- =

Vi ‘ |I
Tﬂ : Z'L’,l ri‘l'l*q‘ ‘li’l‘,l
J I




I-’ | ™,
-I”mp“l p G a J
N .‘ PRAVY [(ngq NI CH




aal

T‘{_

A THP E,“_,','




7 8 |

BRIV (g NAch]

) O (%0 ',’*hhuﬂj

-




8 J
BRI i1y Aich

b
)




L. ;

" 8 J
| ;!'v,’- “'I*T -'Ill..*‘ Y Ir
) ' J

[ AR /|

I [ \ 1,./; |

lll )
}]’;‘_ = g illJ'J i I” \ |
! ) o
¥ r;
( / ,_\_ N
| | ( ) <
J

) O [*¢* -}rﬂlhr}J '.I')'i-) 'quL:Ml'{ll-’r'




KK 2
@D

(©ays€ *jfﬂl"h"“a . SJJZGA){‘ Q..M[’J-Dr‘atﬂar

&\"av\ dom \j 5304@ .
q:

sl




i)
( ©oyse jm?hiﬂg Slan %looraLW
K\’"omJaij S\Q/r_,Loo‘)

——

]
¥ /)
l."" . 4




*.rtih.)«' '%H“ﬂ r-Ll-r
(T onlem 1~J j‘j«M)




T p—— rrT'mll

lk—-———.

hiA s it G Uh r-l.lq-
{ D 0y jrﬂ.h . )
KT' onlem I|.J p‘E”__Lud




jr‘qm.n ' l,..iu).' qu"‘"“ﬁ'
Y Krur‘irﬂw $sﬁdLL‘-‘l'|)




J I
I. lluqy
l
]
r
. “ d
v




|k/l k,:“ W € A I'U'\agjd | patiad A ( r\;:ﬂ" k"-'\*u r‘w\ﬁ )

Page 211/340










- | suack qubrdins
(randomly ;~,Q.,_l“l)

VL
L'}J‘ |,J,|~l-‘(a_¢f\. | \
L O |
wlervad. )
X . |
v










[J

{rup hu'l_-}' TJ-H‘)"‘J)

[T raaae—

iJ’rE}' WP A "’ll"‘l.alt}jr"t EJ|FMAW\ L 'it‘-‘r- {hl{"'ijﬂ.ﬂ ) -




i
\'}f La l
| '(l'.l ' 'h~“- AW‘L, * Y ' ‘f
I I.
br"
J‘q
i)
I.
l'ﬁ‘l{.
( I
)
i:h
t_
rl\/(
)










|'1";'1 Mr v
] nEWwN V Y
A l‘ '“-LF;J A :,).Wh'»{_w ( V
=0 \“it FUF;/Q ) |
. i"

y ,
4
il

|
{g\\ B “‘.3:










'PMA* > Ml’.}b 1 r_'l_ﬁ.u(“
on dom ]) g-‘Q',r _LL{’)













Page 228/340







\JiJ 1nl¥-"lj'1'
lr T h-l] fll-lu.::

l'*:?t L il gy, L-I‘ir I‘tt"ﬁ‘-\.t J




ilf ,“} r Wetn ’I;".\'L,l-' A L) ) A ( 'H‘IU Y ;H';{ '*Uﬂuﬁ )
i © ‘
{JI .
/

h\ 'iﬁ n-f-h.}l’? ﬁ

N




[

[] i ] o Lf

|~Jh_j, PR i%-'q,y,-. PR P (,iur (A r’hfﬂ..,ff ) = i
b / Z (
L ()

A .

h.ﬁ\ ‘/__» \ | ) '[\i'm-lﬂ.[:;} /) /<~\,\ ~/
N 4 MO
/'/.. |

n




|L U"I' L

Y ) , [
ALY |;.h{,é-‘ A Diwiitany ((Aor (nie "\IP"E) 7

» L

oA
\4 / \ Pl (ol /<\"a
\- é \ﬂ(\"
-.flf .

q




.r’}ulh*--iM Aain ( ,-\-;} Vi g 'l‘-,,-L{ | va _ll? ) - T I~ll.|
/ ‘f; |
f i |
LOI' i 4.‘&: /<\.I'|I
\A)
O CeAlrana (\ e
v







Iu"l L

][ N E A l

A

v
h

Jar il
O rrllﬂi'-a .fn LRI
N\

n

{




|u'f‘ LJ[ AT l;"kl.:‘-)‘w# L/ it ( ’%*1”' ll.'l‘xl! T’U"ﬂ.f
oA ¥

§ ' -~ fi
&‘r l.-‘l'-*qﬁ
O CALAAV A ,(:q tk\,"’ﬁ,r
v] '

N

o/




IIIJJ "-']l AT IIUE'{_E.-" A :,.)p.rthJ‘-\'f. ( "g';”’ Lﬁlt r\fﬂ._,l? )

oA
| ‘ O ALAAW A "‘“aka-ﬁf'
] | %




Vi Wrhem IUWG)J ivintant  ((Aor l'.'ﬁ-LlT'Lfﬂ\f

oA

f R\, pt-4‘§ /]

]j n
. ’J“""’”"‘I s eha

e

/
LALS







| ,

“f\ ; ; | \\\\\ -I r&\l” LMQ fi

\. O Al A :ﬂq I
7 -~

W/
[ [
- (N CINUNEY SR
¢ l N (e )\
P

'\;; FJIEL\-'E

I ——







'f')fl['.f* t:jrﬂ'-h-"l&j ’ '_1',!1;1,{' ql;_t)‘fgllﬁ"
(Y u.nfur#}tj S'nﬁul*"l)

%




I..I"

J'

[A N E W

I""‘u‘
rh‘h
Lhd
A
!d"'
0
-L-I Y
vV
- (
o W4)

\4
/ : - \
m-l-f /

i.:l
'
.l' (‘




I.'-'I|I g]' '.-.,! .{'F. Ifk{:." A f,)nMMW’L (. "silir iﬁl{ rUﬂ\!Er )

&
l'!f\ / \ ,  Krecld : \/x \ x,

\ / © ri'm“‘ ﬂithr‘
/




I.Jl IL][ WP oA I.rq_i-"' A I,)uMMAW'L L "\'(I'r i“l{ "U'ﬁw? )
A

&
: /
l'l'f\ / / \ e ochuld {s /\/\\"\ SN
= SR ’ VAN Y
\ : Lnrrl.lnw.! ‘;1“‘,;‘ ( - [i(
/ - _
- ( \ Mr 'u_) ) 1‘5___ M
|"‘jln'“':\_‘ -

R T NV
' |'1 h ; ' TN’




(v Wrhem |.i"‘{i_-‘ AL iwntann (. Aor  (nie "'U’R.i, )

&
l
\4 / \ P )i \/\\‘1 Y4 )
\ ;, / 'orrilrﬁuj .‘;1tk]'ﬁ,r |
F

¢
/ \ 7 .
.t (NB NV IS M
(4 e -I'».J['.p : |\E -
K el

‘ | I\-.

LA T ' SO\




(Vi

Al W T IU AL ! I 1 | 4
) t L\{; S| P P R L rs'ﬂr k'.t,l{ r’ggwl? ) - 1 ‘U|

r"‘ . : '
v

'{. i’ " ' f . !
I \/ Srochl /Q\
AN Y
/ \ |

: </
q (N \ NUN- ‘\ ) I||(f IV
S\ = — —— V'
£ I‘».Jll'p-:\‘l, :
'\/\ (el |

AL T
L j. ! v n"\l w

_____________———-———'—‘—_._‘ '



















iy V DK '
e - Megga Divssen (Aor indervak

/\\ P AN ¢

/ Urfklm‘v’\j (:rz l\nV\

/ \N .
: (N\ - < I\
N (- ) .
N\m.xm ne % )
















% {” < W
p m M




M
%) M

o>































e

‘:“'/ & \.‘,

A3 M




-
=
L —
= —
, F |
—
E=











































(’ A1 ¢r‘-<'j L dx a’/f nr.(ikﬁ‘rfh{'.l
v %

\J
T
e
z
=
S
—~
o
N
—e



Oy £ A breuyiy
- T(L‘.lr{a) = i( 0 v ' .







N, M

W= A\
Uy L W ,l). Becasy iy il
dnl-.t T('J"J{‘}) = ,*[ 0 ¢ \ / \
7 by \,

|

X |
\ I;

\/ Al




I =




.]- > f}-'-'!,ru T(n‘;. J;\h - iﬂ ' ‘f-CE' ((. Jﬁ J-I' b CCAM 5 [
) / J f ne



- W
$ > n M
. . i ( 5 4 ¢"‘< of CEAMY |
i 7 ol H(BRdg) = &Rl oy [bcciipnd
! % :

< DI A
\ ) lf(i“ "ﬁjj









£ L 49 pees(ied




."1'

')W‘/ A
)

SO // f \ l
@’§> Y |

:g Cg» JK 09 ch%ﬁqj |













f ‘1 |; ‘1"‘4;; .f(, xI‘ l{fj' f:t'l"-.i'r"ltj T .(;.. \ '

7 o I_’ ll1
AN, \
SN ;
QN ; J
/‘
H_"’J’ '



\ W\ (\1
W ‘..l»' { i\!
J ( " [hq I - \ /
N {4 A {"‘: ;’ ;{ ‘¥ J‘j n{l"-.-i'r"lj \ ; /: \ ‘
I h 0 f .
"#; r
| J‘.i’f




J Jj ﬁ“"-*’f'"l‘I \ / \

(o2 |
\\\ |

\
W

/




bS> M 8 Jalle
i . ] .1 I; {""f " 1{- J’" J’f hﬂ'-ur!'qf -~ / ..k'u_ '
R










Wi (A & W J‘; DECAM! v ‘ N\
I > [Jl{-__. T{r.‘! i J{?\} — 2 2 ¢ / \x
111-;’}










(K MY & Iy peeuynd

s
~
| -
T —
’.
-
Js.;;\
=
-"‘-bh

—

p
—
-

e .

Qx =
—
§
|
— -
"

A AR\ ) \

&
\ \ P,
>,




\ '\ﬂ!ll
" _\‘! I' 1
p > A 14! o ’
LIS f"f:,' & K Ay pecuyind 7,0 "N\

bt S i Jt.',(f;;-' J‘;H 5\1 ’




j. - (W IM X
[ 4h s U & M o DECY e
] Iy : A= v 4 /
I > {J:{.-.,. [(r)l.'-i J{? / H 0







11 T S ;l

- (11 14 o |

s 0 [ 404 f"-‘f;‘ L W J)r r,“.u?-qj ‘ : / x ‘
| » tJr{,m- T(r)[p..;,‘c.j\: - )1 g /













i

-2 (4 IM\
: . ’ ( ' ‘ o'l
bt > i Z(@Hg)IS ;]* o

Y (s i)
o/

vl



" N
py > (N IM\ -:_-[u"-“___. N 4
f i II m E; t(._ Ji J)' B ur*"u'! -~ ?_ .1"\.

A d*&‘-* ?,(J;**J‘;f' = }] 7

‘] {Chdy)
.l{-J
RS e K Hhdy)7
oy NN de IN=IE
e V Uy



L ll}f DHECaidy J

i /5
‘x*.’ ;I\/J,}?;\ !
k\\\\/

|




rg-:ﬁ«;.{, IR W) Decuy |

y . l\l_ - \
b > di LRI SR \ ‘
/:H-
[ | T
S (I dy \ \/ 1' \ J
¥ / l\ .,

) VR

] y 1
l}:J \ > A (N -
V = b X (v<y)

N N1 0% duy

- w/






"
- L
§ L

IIJ i I'If\ M ‘ .. '_"t- .
d"{"" T(E’IMJJ) = (l e “E & H "l)' DECAMy o o '}1_", A

0 ne — y \ /

N ( |

R = . ki)
(j,

<R = oAz
3 _
v \ )
> R N=ER s =
( . N(E’fi] Et} diy L |

NV e

X <




\11 !-l :I Irjlll

4 ‘-{J & iy ,l), bEeLMy e

: vl _
y L Bei 'II // \
' < l“‘ r
| A S\
S Aty / f“/yﬁ\:‘\\‘ \ /
BRAG ) NN /
\ /-*































-r 2 (5% } L— h
Z7 A .
L/—:E/ N
(+7 = N(H-l\* /l: |
A






















015 graining J sluck g uberdies
. kfﬂr]imlr:. rlplfl‘-‘(l)




| Slombn@e - Muls

\ e\ JD | : ) o) N - ’ PD S —=» Licm
Hamson Tiesa 1009 OD?. (p//_q‘/,)c}m} | kDS Lig,

FTY S

| ‘ Y MLAD A W/ ' \ - TS0 [
= }""F’L‘ % "-'*\"*Yf S "Ny 75 ("
W ( " § ' j(} ;
- ' ! (- ! / H\\ f
p ¥ & f o [ \ F o f o & \ / ‘\\
| J T, .{;;|I - !
- a7 f r|I" [
asa i )
LAY 't 5 i|, .1“1 \
11. . | : 4 'I
J cabh [ | Cx o ;
j AL
. % L L v
J




