The Abdus Salam s

Educational, Scientific and -

Cultural Organization
International Centre for Theoretical Physics (4) |
Internatios IaIA E A

nal Atomic Energy Agency

O

2224-7

School on New Trends in Quantum Dynamics and Quantum
Entanglement

14 - 18 February 2017

QUANTUM MEASURES FOR NON-MARKOVIANITY

Heinz Peter BREUER
Albert Ludwigs Univ. Freiburg Physikalisches Institut
D-797104
Freiburg
Germany
Strada Costiera |1, 34151 Trieste, Italy - Tel.+39 040 2240 || |; Fax +39 040 224 163

- sci_info@ictp.it



ToKa‘c 3 //L(Nw-y b/‘{;c/J' Cin i“amﬁu% v(ynawj/ iV(w?_S‘{(,) 46/ - /fd> f;é i

g oA ‘Z,"—wu‘ ‘ILuu chavnel s T

QM“’“ ‘[M""‘ e s E/ Ach, - /é{av’/cb Uy LL"(7

A C)/'mM Z/"“‘“/M‘ f?&w’ et ‘,&;,-/Q‘&;&I(aé;'&;/}

A A Open 2 ¥ e 5'/7,,)‘,:«..,.‘,, © Basec <oga7m{;

A2 @«%‘éu«... ‘f/(/aawal '""«7/.:’

4' 3 . T(Q V[Yt( <€ 0’4{\( ‘;4—-;6( Aé('/;vee.u‘ 7/-'01-"4\.\ /444,\ A)é//%

Z . T&l ﬁ,’ tag abjt‘c,.\ //Z;;»J CHlmn A AANE g in L(

e { s rem - MW/S/"’“C"“//

2 A ot AalGvion sewd greops

(1 . 2_ . ( LM{' _ (&{;Cil l'v\a’j’![-d( Je%c&éic% cf,,‘:y{ c{,‘_'vx{xk S\((‘)Z/

oJ

-3 Dt(xml'ldﬁ—\ tn A brasave (/f ‘\c'%—'/f/(&wé'cv»'u”"‘l/}'

3. 7—4{ rote tﬁ“[ ¢ e 41/ (’cw':/&»%’uu.j

»A-/{« 1an ey ( u«i’y,wo. («L‘?’J‘ JEJ‘C;/LLLM,\ (‘o\w{\o/uf{ ci.t'vlcq( J/‘AK/J
v

v o=, .
o ’“'[WJ[‘A e "’“““"({7 Crreladet Caikinl Jhpe

3.3 Covve (tet bC[@ym[

’ G CShesin, | “r



/»\/,_\

&"CL.JAl"‘Z(A/(_;f[c/eIX\‘[j UZ %%YZMH _Wélfg

A‘ A. O/ﬁjn-. 7//% //M«-L J"7ﬂ&lﬂo : EG’JL;Q - e c)ygéﬂ

Koot
5

ex'c[aa-% (:Z
Ly, e,

)
(i @ad'&/ 6’:;1:0/47
7 « . 4
K 0/4,4_‘ J”/S /‘L‘V £ U Vevliicme, £ )
e . . ’ Vo AT s '
S-/io‘{/b\,‘ /
Syt o s ) Mool o ion M
! -’ ’f,let-.j ' L/c/éfb‘{' SF(‘:CG' /S ) ool O inica j

Eo\v(v‘cc‘ bt /_E - Z?ZL) bo ( S/“/mce ;)(E , /Jcﬁ»/émc‘« a /‘{E

Tl Ssler SE

= X Ag

‘ffﬁ‘fc‘( Il'—/',l"il "'i’vlc: é

[V[J)é—&. ¢ f/ﬂf«’%

/Tﬁu%(/éc)wg,z /‘/ = HJ + HE +
- @)/4’ "’(L/c'a’?é

Iy
=
R
H
3



St of fohal Syster .

e 5‘4(7 b b /

I'%/“y; /l/\/'(, O/V\/’?x/:N" :

LTC«W(L/é(}d é,u‘__\

[lectr cee

et

ot

p = O = /\—"(’//c;cibbu}&/ A alf
Cpvalow, < proty. Per K

“/srf = A )4/4’[ e o X

f/jp/x_._. 5 e A e,:\\/;l/‘ﬂ.:n’q%f’E?

Py S

va/x'«c( decc e vy eVveime £

Ay = obpfle of S
= %/ %ﬂ/&%« O3 QE



C% I u al go« s ::/ Y Ce Ve aay

/ & N . . K " 2
el (o L K of g oo foee b - E

C Gusfroct effichine (pnoeiwihe | Asajlin [o Apmano

A e sphey Aely ki oo 0

: Dt"’vc' v A;L’*"\-\ &)[ z//,mCA/U'C JZ//ua» éz"“s ";Z ) C’AJ‘L—. é«;’ /z‘- (/‘t{)}

&

L'na/éa@ Az v f/ﬂc//m of 4

L"‘:)(j({\/ 2/‘/010\ 4(..4_3 ,

9‘27/“"‘ A“‘" (‘“’5 &ijrqa (//"’“ic4‘i"‘c~ :f /{Q //r )

‘Pl\/v.fc‘('c ]J(‘e bobned

ch S'ngjﬂé /z Ao ./( é{a Lk/(/\y a/ /a/';,.,, /t /1s>—a¢,7
. 'y’;{}QP(-Q ('m—\ A’) ,e%ov(\[ﬂ.‘é}'t."‘t\-\

C'((j/d"—t c:/':}m_; of 7/-(% Y[M», (e [“Vq" Gz ( @ co /(P' e )

° éw{’ A o o/ 7/&; /5%., cem/céz%é—% / b, /;75 /<
Y odoea - e/o/,q‘é/\gygua_‘ 5744:0:.‘&7 jﬁé



A 20 Que e y@aam3<1 b epos

BQ .f(l.( qs.f’btwf/o/‘l:‘fmj' :

@ (_[_é/a[ 5“'75\[@1_.« Sv“E e C‘/cje’r,( = 67(7261%\%‘] Cg/p

e ;('u & §7 Scine A "—\944’] V[Ll.‘j_ - @vo la /<"‘>.1 ?quné,/

- H* . %
L/((‘{’) = e f;/: v‘zl() %Aﬁ /él'k'ccg

—

® /4“ bt Liwe ¢ =0 Svslea ac.( ecviveiae ¢ aye

f‘réz /4_‘,/ A( 3 ( Ij Ll Ay ot Ao v/

’f-euﬁw /Jﬁ/"/"/("‘{ jé[(

pler = 20 @ o (c)

DL: ‘.’*j,riu‘,\ @/{' 0‘7 ot b (oL Ly é«. KO‘L\

. ’ u“—i[*f”'v , - ) £,
ﬁ(oiz‘ﬂ\}(e;@ﬁf (e > pm = (A (4) [_@fw@/{_:/w }u oy
QRE *&é
AV
. 'y( L(c((,vwcxl ’ .
Z (¢ 7/ S f&‘uj: %{E{L&H)L/ (9)63//5(@/:(4/\ (\‘)
! /



Cosisls o 430 ancl [Sot_ayument!

SVL;‘LV{l ﬁ,:— :/E o) . 746‘—1

EE;L . ﬁf(o)j———}ﬁi-({) ;5‘5/5[”

{4

C/(Z 4 VYA cL /& néar ba lp . oV S c.«/ﬂ Ly "//b(. Q/Aq__ v/ 4& S o //r oA

4

CWG';,. ‘1/44-“,, (?(7/4 cilann € e Lu«a/p ] 4[_{36 < ‘ ZM&" /M %fbéék )

<

" 7,/4<<'—-. /M.,,,_ P éAAe{

— ol Mie i, felle !

S\c‘{ea.a AC@N;‘/ - Cuenf we
FS (0) — 6/0@‘/“4/'0&. é.f - )p\r [{ D

Piﬁﬂ,@v (‘i €y ﬁ/: /'A il“-/’ha W—((‘o\,{) ia u/p

e & . [ C pie o
g—)t Ry ‘QLVqu [9"3((\‘/‘. j

.

f (B AL = b A

Wu/aj Pojc'[f se o/%-a ,éh \(c Fé. JAV,\ c//u,& /z,m o e

%f LI i /ﬂOSg é‘ i - i”MC’.F .

o

AN
W
(3\
I
V
N
"
M-
Y
N
W



= 3 ..
.g—.}.t Leetn é"z Y“@jav (}(zu( o § [} (ot e — /@a: et

becyp o I st/ Speace o J
SU}%\ = [ /s G U //’f e, %3/5 - j
- Jl[u /«( fﬁceq 0“{ - reetuicey ‘5‘)”7/; Vét«ﬁ J

E, . 10y s Sy

* %-:t RN l:‘(c'\{ 1% 27 'Po e '[t v ; ,Am Vé G\/JC:; Qliuké 1/< /7

ch‘c. ‘L\"\K .

D&AM A‘Cﬂ( &,/ Co //: £ /’C— 'ﬁobf‘v '4 WO/?

/—/‘,[L&n/ Specce 4:}65 & fﬂ" ) m= 7l ?/

Lo llbect gpnce of

kau‘L‘o\J an — e vef

Ty te

[ewsor ectagio of B Afow by

e

@;@ T. )(Ae 8) = (§4 De B

{ c,(*;»_“ /; {? oM S e e C// ,[:_;(“4\/ “/



N | -7 -
D@A'w{é‘oa: jz'; LS C‘a//ea( Coaﬂp[(v/{lz FWA/V“L ,//'-——"’"

¢ £ §® I. (< Pﬁuﬁ‘n—( %’ «

Ccro0 = (d@ I )c 2 ©

/'ﬁqﬂ/ﬂ{[(f‘. éww @ A ([acy/a ine., / )(A;Otl_ .
I\( % (s /-OC/’?/‘-.AK i é o € Inc_-.‘([ o "ﬁ//& A /(}9 /,//'O?,JA/;/D-\: :

(f}_@) I )p > O 1’/1eCc-”fJ‘ov7 CQQCX,&"% /;/
| Slfé’kc}p'é{ 44&/7 6‘/ /)

(T ) p g0 = o sl e cabon L

o (Bo £ 1522l = bt wobs
llﬁ) = [A“qé‘c‘t.i,“c«//7 eh/uﬁ A _SAA

( Voemstlevwsicc somplisn | Cho' - Thecven \

NOAQA”‘ j ?: FJ[VQC& - /m/ff"’”/ v ‘\J (}7/"“"*‘[«% C%»vm//{'ua

-

%C"’h%;“—ﬂ« C(:vthl\e/



TA«?&‘(?L\ y

ﬂe %_;[/G'\Ma"?j ff“éi"ﬂdw[( axe e%‘uu(ﬂ—.l[. .

4 % ¢S5 (‘C>L1/)é</<'/7 /oo,_;(_‘;/;v-t‘

2 . ,%_ Zl&} <t /prj' “y’c./,a‘rr&e._,vé /;be; ’

¢ A4 = 2 ﬂg/ll—(zf

0 < levems gpentin’ (wlley g

A

(-—b 5?4;? /»3 //cn:‘\, { ﬂ: /b@"@o/ﬂ c/ Z:‘z.,f(é/cf/{ %(\K 5

3 . % Cee ée YC/AP?S&,‘,AT/( cs / ;j{;,tc.ej'p-‘rc’clg CA'ZQK'O;,, ) :

¢ A = V[\(E[M(A@/’E)M+f
U wmilarg fE sy ki

(\3 any CP7 fmapo Can Le V(gavc/écf ag

0471;,54 e X 144“/0 0{ Setae  oSloe,, 7/{/6@ //—4-,,,,



- j —
A 3 .TZC) ‘(vch oli S %aaz“@ ée le Cei ju a«.ﬂ\)luhn Y véj%

’—{T(a(e LLey ta c‘[ = 'Vz‘(‘“"f C’(C‘IS‘ SR ;"r-vlé"\l' /4 !

LAl = +«[\//4_"7] = R Al < ™

/4 Sﬂe [ f acl D ot '7{ W"‘{ /‘/I/ —Q—t%‘ /v’ﬂ/e‘-u,, (o N :

(o oy ety

i(AJ{ _ Z las] - Juw ef al it J«»/(M%,

Cc\ézj’;c,(\; g[wc ’7/“0‘{,,,,,‘//0‘-\« /'/“vé /4 “"“'v/’/l y Te/ﬂl"f.f&-,,/,w{
by ponidon e Pom cpumtios inll i e

ﬁ_éﬁ “ o by fuva [ e )4-12. ne |Z<< )V[féé;




Pl & Do, oy e D, /)

S‘ _le\v'C(V{'oi‘ﬂ Ce (/Wr/é\/ \/Um\qégvy \)(\/a..‘f%bma %"‘4—3
4N

Dot up wt) = Dlo oy

Le /4(( J‘/c;‘g({vc ot A ‘J[Vc?(‘e /'ﬂv,'e,rpv\,;nj [/IA(VJ* “ve

A"

CO‘-«,J‘/&C ‘4%

>(2p, 270) € Dl )

.ri/fa V.{( ! C/Z hegols Ha\/ éft C‘"‘%/é”["z7 k(OA— AV_C ’/
L [Z/MS(’(CM‘, ANy C/j




/~ At —
S¥ SCAS uc(a&Am {7 m/{ 1")/”—ec ‘( 'éc Véﬁ- Jo v ﬂ"“f’”&«/{;

Diges, , Led,)
IL‘ }OQV‘/’:L“,QV-

A jpiese. VAT

biaxima, cv el PVG}‘C‘A‘MJ f

e

< D022y DS, 6y

Do e ¢, Awc ) = D0z, o0

Péy,f‘('u (

V4

Mﬂwﬁﬂ = W:«K %rZT//'A.—/b)]

¢ Vé’_vjﬁre Iéx KO«

Alce
P‘v e!%{ Ve é “
/’4 W‘él/\ P4’—'

| o w4 P,

Dlp, o) -

1

> .

ijheq‘?t((f(iév\e\ ‘( :
L
ﬂ,, oV /)2_ )
o/;ué'zmﬁ %
5 l[rc 4///
Cevve of -ﬂéf:\: CoAe, K%“(‘Q K';m,\

wal{ Sticeess /ﬂrcéo(z‘_éw/? .

V¢

| Lok il Afacabin
é;efs ¢ /;V’“V aﬁ Coriec b Sfle L " |

[ ey € AA/ 0&,((»'«/)14 cll‘é‘ < 44:&/1 C"Z j}é )44




—_ Fi‘? - A /;r (%, > 1 (%, )

Bc b

BG 13 bnee Suy €S I’Du ),icyé‘m.\ T = /%4 P »{@A /

(e T = ) )

Move ;LM&-J/‘] | ?;3@5' = 77 ﬁ;/ Ve .L/_l

——

g? = QLf‘ac;c - j/,)vtfrwv;.a} Wﬁw/xx«q 0%020,{7‘{)\
(CPT ey )

b ( ;-?/,,, jf/}) < Dy

=) « G v ,,,,,,_‘ %ué  Can hEVRS (aCree e

W N A S S

( Nuyff g A%K.Iu“w/?/t'l\_\ o/ /4-1!“ -/’,ﬂy'(qu;/e“w—l ¢ J

(' G /ac~ V/'i_ / ~2 11\ O — 5(’/((*/0 (3 i c’&:‘_(h;yew‘/j’ )



YWOCPJJ f'h—é é«&

DA — A
oo = L. p(m=nip, ), v Plro)o )

[i

(e ] v ferrn

~ 42(/]_# .ﬂ{?‘//* )])
= % (/Z+ <D (04 . ))



J ~73 =

%%{% AN — /Mu\r /(6\/!(.«&'%‘7

2 . A. C‘)wuca.. ?/44,,._. /Mﬂ-\/ /ég VLG Sea ¢ /‘yc u/OJ

Go& (S’
& ‘\/V/[\a,"! tJ VL<.L < /avu c YZWY{c l[;« /M 0{ ey — /é/"”v/(é‘ii/l:‘kﬁ

o e, Agmooiic 5 L

¢ M(Mb"7 C/,%Cé’ et [LL.,, e/ Lt‘ﬁw/rﬁwﬂ/goﬂ éeflvffa

\8\7 51/‘[{4-\« “la, '/( Cobe 7O b / Z

° .D»’/ éw A(a-\ 4 Her ~ /%cw/cc Vi Gl é \A/’l‘/(% ¢

< A'C“ = /\‘) % C\‘&l < Vh(/&ir e Qéﬁch (1 . 7 (A /_,/M‘_3

C/f «ﬁ‘*ﬁ/waww{( <, /e/;.,m/i“mq e fe )¢

Cc}_,uoLuAIé«Aj/V( W‘-‘-M (N t;é)/'“t‘ c,/({ Qo — %vénﬂl% é ‘

4 t%ﬁm% /i% haec Jev g(& 7/(,4 ‘&._,A/(D (”

T by G Bue et cliay R,
/' Z—Cé()u’cvé.\‘ ' L ’
Qg' 7 G/ fC(%(‘? ctrn A r/\ﬁcgéu&&é‘

ot Cden .
f “ (/4\.(/ He i e, ) Cloue

— /}7"/(“(' Pt‘('(ofg VL(Z/C h(XV[ (oex A 4



AL
COG” £ a(.\/ %h q[ 7 At {Mv\ (/,{Zq,;(aw\r(‘&\ ( S‘&’Wj/fo—v//) : L——

+—

Dyualm,\‘(ave iM.:,//_{ . % Z)f'

:-(’_Zeo\,/-ﬁ» ( 7MM/ /(5 oo o fe. j@{% 4’40-«: / [ ¢ {[4‘,(/ 7396 ).

Z ¢S ?l& )L»_w/r{r D/Z x 7// N vzz%ﬂ “%Mr-w(/ Je LM/WMP

(§€M},(v\—-}., (:>{ CPT %c‘//_() (T‘/‘ Qvac/( Um,/é C./R /‘_‘f [cj /4
Sowbore (Lt SlA poiniis)

Lo« wluple Zpla 47414 ]

W/{ 5 HJL: v AR '7/0/ /‘4," CWLZAJ 2:7/4 %%"3

/

=) ?/ua‘, ‘{,u,..,,\ /{ﬁ«/{mﬂ”—n ‘H‘ZJ///\/ épugéiru .

A o .
C/—(;‘/”S‘({)- ,720//}(‘()



Congicty pesv of cnifld  Stot-, / TS~

P/r,?,(c) — //lz (<) = e ﬂl o) = j) %)"iﬁ

\D)/MMLM,\'CO/( é«‘ a\n,\l' o{ :[& Aﬂfﬁc/g s /Q-.‘ Ce

D(//L (‘_(_-{-T),L/'z ({+r/): D( %7:/4({/ ’ E’Tﬁ ({))
\S5# ey 4l O,

< D(/"»«(‘,‘()//L({’)
( (’Oé\éz’C'/i;r:k f‘.cs/w 6
o o/[ C P7 LH.CA:%}J- )

¥ ot <

Y

e G Klens

@

Mghe ém‘i/ cr(lz.c i"€o (e C,/ﬂ /4 vl\(:« Ce (/CLJVZO(A—\ e

U S Q‘vtcweajé':f', sy Luwror lonbral J/é/f—/g

//‘4 z (c 2 éi Cotn e ‘e«u ctae | @4’_{‘ i g A%Jé {/ZK

® “qué?m(/’c,'re,zséjca_ . (2'41 14»-«4\-% ’[Z@W ('f Té /’N’mw/gz\

:Lv"m., Sy _r"v[ek )ég Cin Vet ven wie, 7 ,170 S @/ -re/%// ~u~g

el o e e f sl o,
":—:""—“'> C:/A:w& /Cv/ﬁﬂfAQ {’:’cx Vdawe C*];/ ﬂﬁy'/ciiv’l“‘\ "{:7//'"\“‘"\"5 ?




{ {~Aé~

!2 - 2 . Tl:iov\c- )(}C"tl laau_(\é,\/ ,27//‘0 /(U“la cean A Alv i.J‘i..4L~(£(\

L

/

Vabarl Geweiclisabion  of  Loaib ot wesbe  opunfin

A o
;;/%Jf) = kﬂ<)/%po

k(-é) = w[a“e- a('c‘/aea.wéw/ 9’;&&.(‘/& /{\/ (.7‘55 jt’hév@év )

- e

%’3(4 )’,anWa( ﬁy«_. o{ K/é(, m/u;d//v — presey ,',“‘,,7 Gemce wlbes
7

[ anet fﬁj;jfﬁfiﬁZf )
Kie) op = -2 [F/(“,/’;}

+‘Z f&UL{H%GAﬂﬂvgg%ﬁh4H%pfj

87 Cou !ZVJJ»/ IL:/‘ ZQ:;», ol é /‘“/ f/Y ""C'/& ve oo

(L/Q&m(l(oykc‘g /L/{'( / ) l(l. U/élétz( r(' 7”/”""’%“’3 /44 (v-F)

cta A e ey Ve /2, (i Jeaevl OZ;.iwe~ ”/e/o»za by P

— v ., T 9
‘) D 7'4 Cibmn Cb’( bn 7/f _g:—t % Qo /(VJ'LW %\}1‘_\ o "S‘(Q‘."““/;fb‘-hk P

D»é/“‘mt c’fu"[t"’-/( v[('ud "',ipmu e (“/ {(“”‘//W C}[ W%J‘ ‘

—_ %1 5
t,+, ’%_ e‘/)[ SU(% () Z 1, > ¢
.(’—4 !
T
Cl#uiio/o}t‘(c,z /rme ~Cv “&ﬂ;i) t”/‘,ya /uc—'



,iu‘j{(,(a e,( 0»[ /Q ;/,rcm/ﬂ M/”’d /,; e /za,.w:.

]

tTS, <1, —‘63, ty f'fL + j 3 ¢ 2 z.

C//714 ol b € 0-/< L”““/ﬂ f{j = i;bt

4“""‘“‘1‘»‘/‘0“‘ J.) > o P Y £ o

C/&C‘C€7 "/"vf;s 0/. c\// C(c;éhe/\r fﬂJ;,"ZC:\IQ'

= Q,L el 1 ooy

o The 9’20; T {w (<(~€) N S Zk‘l«o/é(/"’t/{ é’:‘—n /;l' €ere {
ﬁ,@ A f O

L

E‘f /L;) ’v[//pe c/ fy’dc &'J;(ﬁ/ Ly e 4u Ve (=N i l{;Lx t (

Ae ¢y e j ¢ C’% 71/“ VlVac" e ocliyfance cacl ) /’&'C <
7/

C‘A 114 ol olgu//ou [w 44 /é- ”[Z

‘téo i Ve v oir i <., ¥

i
%L‘b‘—\e - ’—‘&[ﬂ&“ L{i,,,\ [é /Z(/a‘y/('o VLS c»f{‘i//bl(;%‘( 5

’y




/J/’/Z 7)) = f{‘t’t;é ﬁi{ /
————
=) C P

———

D (//. ("{*'T)//l (f*t)) = D(f_zl—{*f .LL/'" {—(—)/ -(é){‘—r—l' {'//'Z ({))

é’ ‘D(/” (\L)/,/'?. /{/)

(-(.OL»\ l4'7/c' {‘ol—\ kf %/v /7/ ‘}/ <R —/\ 5%::74_1-

n

D[\/’;'S(é;/([:/

\’[-/;e Cw(yum,w(c ol Lu\% ";E{; = _2_/:‘& LS c*/(e/;}«,,w(’ e 4C

C‘,
4

AiviscSle (L [a all T s o o (PT e




Po,jf;é L: Ve d/:: ACH a( ciﬁ'u;fg‘é{_' Zu// ! Lﬁ;

e A \[\ fzgt S bic (é (Vv ey Aé(e Y L‘"L‘(’C’ v "";’7,0

;s © 2

j‘j. - W? nef f'xm’,/é f?

be

[~ EV(’H t‘[ ft‘(‘?/"{’ ve)(,(//{j , (‘f /A/“'?

4

Lf.e{ C‘cé\/)/é/{:(// /dm«ﬂ;.»c oo A et £vL /ﬁcd.(~,§.d.l_f

ILYO L o éa ve Coi J"c' c//( ra deu 5

\TL‘L-—‘G - 6)’(60 R ol ¢ /@i/kov Pioces e s | - .
/ /) S(*J/ %Lfalu\?:q / Ll«o/_,_r

Tc L %%ﬂ/{i« M/K /9(,34/441— Ifz/)) elivy si é /C‘ v

- teoven leoven - Uncls  cofore conogi i S EL o '
LA e ) e (g
&Z& o ?(N.»( : TZ( C"/QJJJ-U O/' 7[('0'.43 - C‘)ﬁg/d& Ao ¥ AL L/ "

Py e Cu /( o NP i
r Lrn k., Cen . v L«,‘é/é //;c,Cey,_,\ Uy ¢ 6”{(%/1,1//7 i[((

\—S{’(LJ\ £

Precf  Aseon. &
Y | /43 St e §t o ¢S A é/d M/4 C L“"?%

4

.

/0 .t-_(.fc-’ ¢ 0((//;(4‘ cle b:j 4,5\12-‘.@ L//l/y o, T .



e we lbave L:EC;

/(f-&‘t) = ibt*T/t /(-é)

w’__\/
=CP7
P ) (Y( ]
=) ol (€) = | == , (<)
ot (7 e ;%‘t-{-g’ + ﬁ
VERS)
e o
= < (¢ Tc¢ j/ewméf /
biuce 'CE‘(‘-\—‘C . S <Cer e A 3 = 7
/ i B .
'ﬁ/f

'M( )LV‘)\/«,«/W /(({) “M(L {7\’ Ch /('aa/é/cfo/ /4\;,__'
A;’ 2({“4' KX,{’\’{ '6 > ’ Qha// /I(liz €@ ) ‘/4 Yz Kg

),A— (,(, 1 L”%K'V[ é( FG“(;é‘vf ‘ ﬂ



- | -2 —
2 - 3 A _D/ZIAW A})ﬁ ot oA hheasive ﬁ,«( L\‘

%&tﬁm Lgan — /Jo\n&mu—m\é’7 f'(‘PB E Z,'c.o(he) f) P ¢

Phy s /Za)Le%//ﬂﬂ 2409&n¢qu
| Phos 2y . ,4511,062//4\3‘ ,
/4 7//‘5‘«\/1‘4«\ flf"mc;u-, 7M-<. 5/ et %czww(/ bacp %

(.5 SQ&(( '([") éC oty — /&/&'v' /(c 'V-—(‘cu'_\ L[ ‘{4.2 e

éj‘ = PCHV‘
z?{i Chs A«/ f/‘y/)s f,,/z (e) A A« (/\,/CA«H A'a«, 20
el

C;J(% (/c,) ) i‘b (/ﬂc{)’{ﬂl/‘k)} > O

o — hagees '4""\( 4441«(/:;,/

ﬂr{,L({] = zﬁ 2, (o) ‘
/ ’é,/' (5# #V&Cf C?"(AJJQQ(G }

Physical ikféqoweﬁ;ﬁ;k :

Moo = Aoy (o cac precens 4, @;/mc @ thcveage 6/ (L

s biepuad bbby o oo Hie ey vall

, te

CAin &AJVO (-C‘l}/'(’f}/{ 476'{(:-/()” [(iow (*;A[i o G/'\//"’l C?A‘(_,.__\ /\_/\J‘Ci_\ /4

€hbivoia vy ¢ /E 7(?, IZ/fa( -(7J //g‘“ f’

> weimory ffeets o Thiegd H bef s o

C b (C\N bae /‘ld\ {/’é; <t f/tV //L,._\ S/“' Kj’; Mao«\‘;

.[1‘»\)«: o /.,: //mew-«« e /Z\ L. /’%,. L /-""-—\ S/QL/S




— (7
.//&C‘J’uve ﬁ( Ag — Mﬂw’//e V. e "‘A'Z7 Z————

W (E) = tax J;/H- G5, ()
/”/l/m G>o

® lnedsuves ‘lc r[1 { (aCheage t»"[ V(’ff(c‘f‘ f’ay'/a«C' c

= ‘{_5 1{—.1( l,q(.(c’ {x/c ‘o oz Lin /r\;’\h"’l;wa“OV‘l %”\ E /0 j

_— jHM ﬁna_Agu\ oy < w[/ ¢ ‘/—?VV‘K/{I [Qa‘ é{ ]

o vy wbee C d > O

® "/“Q;(z, A o Za 4'Ou\ OV A q?( k«(-b 3 0/ L.:\A‘k { J"/& é

ﬁ", 2 (o) € S (/){f ) [ <. 7 - P(’/VW( /Lvuj {

M‘m v{t (;1.‘,(@ ja%%} é(hj 1



S;)LM [ .‘é(% Jac‘ C //)[ o'/"LN {(Lve J-

® ’\/V/.(EE ) = @hcécmq{ Oj A wile q[;._m(7

¢ v [g) 20 Stan of A /\(Z) = O 4( ac A a)\/g _L-/
P(G% j,é € < //urv /(/;:}.V;c. o

. ‘ L//l/(f[/ = - A P@J‘J‘aé/( =) F)roceg;j é_ Catn  weban

é{ CZPI") Ve L‘u\ . l{e A ét/ ,/é%:‘ Véﬁa vt @ «/(7.:, o L,.,\'(‘J

.y{’l:u théwcfb/ﬂx cem A “\gc\{,‘ e ‘/é'/ﬂ/e_ c&«, y[ M’;,/(&V /’Or’;f(’fj‘(—‘_r
( = aé‘\"’LtéL. //);'o(;éw_,g ) : MV(’EZ‘ ) = O

If,ﬂf(( y = [« ul)/?& )

; . ”’ . // . ,({
V4 (A/Q;) > O =) a/ /g’a',f € cae of /(: e /:l )

b Se mJy/f‘v{

=) proceis gl be  won— ofivi s/,



eeo

\ £ heCes e v7 (\40»\1[ b VI/ f]//%q{ D %\/ Lo — ///év{»,ﬂ%j

E\/ L“ac) Vf;l | ‘27/0 “ 1"‘;(;‘"‘5 14/-(/( 2ttt O/é’(Céa ;{4@"7(& , PL({
Pm"’a"’" Coey é-( %CV/(E) 1T , W= o okl //,:;qj 4ﬂ Joa C:Z
| 7[ (t *Yc/;) ot ey /q"vf ; Z.', / Lot Cltae, /Cﬁ
e
beceflos o i fmifn Mo E &0 A i
/(; Lw;a/%,w( Maa-/é\ L'\ £ oviey <f"cn,‘//¢ﬁ 0,4{/( éj e /ﬁ“«/
A el oo Sl E et £ K i ol

COL « {,u« (eol

o r— —

/ W (F) > c’/ :D/&\azl-DL'“‘f"é“L"'[7

—

[

\ oy “ - )
Corvarse s ued brae P poss LG L

f 2 G ( Aecc : :
e, al C’&CC«O mc{{,} N

(‘c‘xk{’\’ Q)(a"«—\l/,({ ! (, /Mﬁi?’:h*'u) ‘E%f [cu'l/\e/ PP(E

v
r

/

Sh W(é(kt:)(‘a [(cj l/-) (DLLIO/ i)éli/\j_ (26”\/./4 g__)jl

06l Me (Leae )



Se lww Pt ccbue: ‘(M) rode ) W20 Li

Space ‘7[

/Dmc{ffef

£ = f@/faOf

L( ‘A,,lélaé/{ je‘

/';fp—aa/,/
e el mes L ege

Wbl pohve oty

& otivig Sk jprecesce

EKOJ« 2 [e. (E/M Lcu'hﬁ, !:) 'D":';lo) /_{PB/ Pl‘yj /Z‘V /4 2—4 ) 062/445\
—_—r (2640 )

MCV:‘J\S((;V/‘\C llv\cﬁé/(, ‘ 7\«16 - A(’Q Yﬁ( 57‘}’&‘2‘—- ;i“%e‘/qc"[;? W"V[é

<A veJyeg v :,,’rl.(:_ v B '[ l [\_;(/(}C( (. vé\ é{

(JZM/;,/& Cage o/, J/"Lc‘i\ »ém’a(, tiﬂcgu)

é/au..izém('i&: /'/: /b/.f € HE * Ucﬂx'&

- g+
— Uy < w, og.  He= 2 %24 4
e.j C.. G, | ~/ *
Y o> HI = / (ﬂ{ 6.,.(’9 é{ * (‘):—gi@ éa);\>

3

7L

= C]+ & + C‘i- 2
; J ) T * =
G_f+:|./t'> el Go o =le> <ay [é&, é’&’ ,T- J:f/i ’

J



_ o6~
{\uz,-j'ogu.\q[ i vooy  (orre lahon l[:‘aCé{;«,l L_\‘

Laibial shale of AL Sycbe Ol :/J@) & o>t

Jo> - Vaciua (4w

M. % ‘7/ Ve Seo vt

VZ\)JD" Paﬁxfz CO‘v‘Ve(c:A;c'k :
A (‘Z’,(t -1, )

Loty o <o | Bl B"[(*n/m e

- Z ]?%,Le
<

—A L«/& + & A AV CADL. %t‘? V{Mn(

Bl<, = Z 3& é% c
3 YC Loy W@—

Euc/‘wa G el [k C/ :
t

:}% Gl = - J\dﬂ, (- €y GUHL)

IS

Gler = A

= G4 (b“h/g'g Z/ "&Al%ﬁ /aé Lo oo e, AL

AV f z”(ya Glpece I/b\c?/,) G//p /é /7}35 ééh\




[O,Mu/ = 6k, a0
ﬂ‘” (¢ = ﬁoo(«) + (//— [ G(+))* )@A (e

G;({ / //1@ ('C)
GF ¢ ) A (o)

]

| ﬁ“ ()
/Pcn ()

1l

‘Ex’ctc“’[ 4(";4?/ /CC a ( (17\(/_ ) (’"‘“flé\f ?%94;\ ’

A .
04:/05(—() = ]((\[)ff [‘(/
- “ J '
- _._Z_JH)[GLG«WKJ(*)]
+ ]'(“(/ (QJ* /)_r‘(“/) C‘){- o g[cjkdwl/jf/{/dzj

/—f&h«léw\ag VLJUu.h ! r)[{q,,e (:f.://z_, ,,ZL / ,Zﬁéhé J‘A/“{' C:

Sle)= =2 /:L,,‘ (g—(':i:)

A JL,LK/C- f’ft’t‘ceg clevne wAff \42/7./(

\ | G‘{(\‘)
(6)< = 2P ( ):_ﬁ_i
f 67(_(/ ,G({/’O"f/é({}




tD\/"‘“ banc § O/( VIVC(CC’ C/(/(JVLC«L; <e .

2|6 1%t l5i® A

A ’G({)/

L
(¢ —
olt, () = /}sz)z‘a2+ RS

> o
__ 1,0 [
a= 2, l-2, ) |

@éwc /05(01«

Now - Ay (Cogrec
| . =
5( lt@\»«lcy ‘ UV(Q’—3>Q

“ 2
Lé = //10/0/ %f'o /O)

A
’(GH)/ s O

A+t

5‘(4) < O

+€W/Z)¢,aapk' (7 Lf—?jé A«}‘(.

C/(Q e Clg l/‘&,. {( ?

-
Yy\

~2& —

FV’:‘»(PJ‘J" beee — v g 4/‘1 P

T/‘«J‘ 0y yIL{ c,‘\\/?r Po.(‘f;ly/t Je /&q4'@<‘ Zc"(€)

) )
1:’€(auj.f W= th/e o j}&.bjlf 04(“7 (—/752“'1"?2 ?

-
[}



Sft" ¢ fic aese

4
- . R <, /{
Lovmhins Spckar  cterily Pl = P2

= £X:/0c.-%7u:<ial VZW"D —/001;;\'[ ("'c&'VQ/c«.ébc‘\ 7 "[) (t ) = > €

A g ¥&)

JVQM .Sx'é}n-\ A‘(}‘d‘ (;/J 120 o 1[
will oo nd aazhgﬁf/v

= Gl o e [COSA (C/_(f)+ —j_%é [5(; )

7 7
A = \/’AT»Z}};I = ﬁ(?\~?§‘o)

Wealc cc o Lw\; Rodhe -
v

?5’\3 < % => é (’é ) Moiicf[r;:u'(» —_—-.> [/1/:: O

S \l\’m-‘é) Ctm)’/&"[) yf)r\ Core

)\o ) 2\{ =) C‘; (‘("// hei - l'Mcuo/ba,\( =) (/V s O



]

©

S

o o
ﬂ,a/@h {0) ’\/0(: (f‘f 4 > /

“ﬁ/)

G <€)

] >, /\/\/
?ﬁ<‘{

PZ'7114CQ ( ¢ V{?v’,%': ¢ /4/15»«“ ’

‘ . P )
Lo sy 0« a/ v fag ( p4a/€,;
A4

(:J‘ }'?C’(éfbi/é),.{c,/( G;Y[ forl /({,[\/

%d'me =

=)

Lie Pé.\o;ir'7 ?/%;/(
(.'/"Z bueco iy € éf

Need — //dv/(iv LCJM(O’

N cc%éw :/427 A
1y ¥e/q

7LZVVJL' (A /;V/ Comev Yo Uj[ noer — //4?"/’(‘0'\/;(4(‘(" P

Optimel (nitial  paiv

La\/dbq- CC'/%)V&—\CGJ :

pz (c) = %(/},3 + /C})((/f/{,(u/)
. . 4 ‘ -1 -
5—(’1««& C wne f‘éucu\?é:;m,, — { ( . . )
e — Ay [<evee. u.(v(y /> )




=D

&

S 31—
Th Guontun . Alavlonianity U o 7 L

lua.,. ‘/(a i/cfcu—n“ccv(j ’ A - Waréc‘ov{al—-{/‘ ‘. SEAR U’Vﬁ

Ay L 74 ’ 7 &

47 ({’e‘/“* A Ve ec § wves é" 1[4 Adlg f‘”‘ﬂ« é‘i ™~ €ea

Ma A-/u-n eu/v/ugz :
\S(ﬂt P ) = te [/@,/Zhﬁ,,»//;/fuﬂl E
CPT Lmakg Give Cenm ‘/-(‘CM,AC"M—, ;

\S(?//,/j?/l) < J(/ l/20)

Buq/ P‘rséf?af w/4 Su/.}/.,\/m/«vx ~/ y-c/c/—u\ Cdxrz'/;;, j:

Vet - il islance

/

Du;s (/’/L) = \/4«[ (:!ﬂ,—/‘.l )z} = ///) V& Il

b3 )L/J*

Howern Cp7 bger e fewemd o

ij?



3’ 7/-/16 ~’\b/e C:“[ (.1/\(11((4/ (C‘V‘O’{(Q)[Lé"if

S 1. Gl“teq eve | ljb\??rﬂqq(«\fiﬂf Aesoy b

"l‘ Cofs® {Q, Vég/{ C“\A{A "i / J'V{: 4

D“/hé’abvv\.c‘\'- { qu//:,

T M Lw(ue) ‘g Pie Jo) /'//)(3

Coc 1e (2010

[ 4 Swime HED, ) Pt 2
B eebint PRATE,

H 6 ) vfgl cc

St

Oz ans (0@ £,

o E 2o s F, o

= 1[‘(; [M « )[/1“[6'@%5 ] L{+(+‘ )j

R /QV.{e oA i (A “ {
/ kel /2

> Sy

b\.{ € L\ UL e v& Can Y el A i < S < ‘%

-,
#, /s ()

;D(/;(f ), f'; )

e Liciv =

MC{V/CUW‘(‘\

ﬂ”/ N ( Cer v'!-/(,\ i

¥

elofre,, |
o‘_ | |
Cz,n// @ (‘A Cas

prpty

NN
N\ kel o0, ‘
NS A ' :

(cite /a 4(;4.»\,5’ P



{~33»
& TL/‘QK})% vlc e L‘A'Q [ Cerre ]a Aqu

© D € - J«AO & OV[« 7,2 w2 e Z U‘F/t)/\/ é ("}Wa’é, /0; fa” Ck‘i‘PQJ"C'J

L""% VZW o elist e o

& :L——L\ ‘faV/ﬂi e /\A %W [ "7(';e T C}/ LL' J[e/w 4/(“\ %}WW ée ,/‘_’"/‘_;SL
S‘/_(‘/'(’L’.,l k_SA C‘—z«‘«(

——

e‘l ‘//~:|/'Cl—\ L'Ae(q / /:,,.‘

@L, Je C?(\; c?(ya( e lang € Co ! Liie /o

. m—
¥

e SOped ) — S0x ) T el

A

J‘b //’SE{\Q] = V[‘(’: i uu)ﬁjg((’) [/{*F[_() ]

/&. ()

T‘t-. LLQ { fo.';{ u/ f;/g./ Jr/J Nﬁf’m 3&2 [t’f .

"(!Z 1, 2

WS () = ‘Ate CE (C



Z»sc;,

AF‘-//""« (cu “44"6‘léca }7%-’/'/)\, /7 c/ P “«“k’\f’ '

D(/E({)lﬁ;({) ) < D [ﬁg;/c) //.V:E (o))

Can by b e YA {1l e, Fa /mi/[ o é;‘/tf'é

sgﬁx el Case s b coireleted 5&4 w4 U-”QA(&,@

’Z«viv@wh‘.{“/z;( IV{;VZ

4,2 . o
e (o7 = /5 /O)C’Z’/%

—"—'—“—>
‘_‘D(/‘;(‘(/(//}&((/) é //) /’K)jf(o) Q?)/E 3/0_52(0/ ®//: >

I

_D (ﬁ_; () [ﬂs_< (c) )

= o /mc A'am /”/W’(/" C;// 'y{yh‘ %\dﬁ ZE)\‘Z— g



G? hhewv a ( C‘('ZJ" C N / - _1 \va

(¢ ({ ( (o) 6)
(/Jf /r ))- &/ /( )<J(p /g)/,. () )= )(/)
¥__N 3 gﬁ\rg
Clah { Lrace a{,\j\%ﬂ('—u( = 7 ( N

0)/}

— « . : - .
Aan Cvlst g C’/ A’ch( A, 314'J‘|< e 0‘/ ‘S>’JA‘{‘°C‘ 5’4/ fﬁ (_‘4‘ éc‘ﬂ-p._,<./d o

= q—éﬂt/m" U‘ﬁ/‘”"""“/"” g8 ’/014/ 3/‘1/&.1 JA/,} Wl &

ot M g it

A e Lué; 'Y f%

Ahac-(_‘(;fﬁé[_( A ,&oal Lwe'aj'u'veuu;‘fi o % J‘/’S/-{é-‘_‘

(olia &lomdi Mo bl ol Sfopiin

NC;(LQ . J,/( /4 écﬂ‘« -/(/ (I "CA‘“//7 €0 ¢ 4 e /z; P2y 7/c r«(_,( { A «‘;._1 ,{
_— ¢

Ais liopon s e ALl Sy el = chis 0 g6
. ) ' /
Gj O/dk‘ j/?'//éa-\ 2 i/e., /_//> c;/ “4}‘1«& {
= U\éf;’m Ciem on 94!{, ( /&4 / (/4. A éjyhc\ém'( C //y V[)":"IJ/évv-t(

CQH‘/A/(/AX7 e p, _\47//&




L“%“’

-

Covvelabiom, o G bl shih, €

all j\(%d(éj ch‘é A,uqc &S z 2 7{“"“‘:( V(v&w;a/%»

7

- - thegtaliNy 7
Yo, e )+ DAL 2 o)

D(ﬂ‘e y [7se ) <

s A ~ “ N ¢
< D (fyg , P )+ D (ffz /@L@S/gz )

j : - -1 '1 2
T (/5®ﬁ5 Ve 65/5'
k_\/_ —

<.

= D (/5 ,’ﬁ; ) + D (-f'Eﬂ )‘/gz )

S6 G ol ,{ v ./7 wov VL'PQJ'M /’é'ic':/c,c y

Pl ), s - ﬁ(//?;/c)/p; (s>)

/ N

Mg, plows ) + b (e (0, @7 (o))

-+ D(ﬁ;(-o)//,'»;,/o))



i

j‘/\ Yeag, (g‘l‘ /.c-q(_,(, ALY \/;A Ce 4&/‘#’0&1« C-‘/fq“ 527”*/:4_\ Ja/q,/‘/‘g

=>  Coticlalim, n onhial sk L, oo Al ¥

{uu:vowuwa./:f Sv(al{/\

Mo i covielabo,

D[ﬂgf( /)r @/E ) = fmc( 0&”1\(@%% /c>'é{'d"é(l'y"“-qj'4lc <¢§
(f{ ﬂ (E Ctag oA ’7[’& Cort ('J'/"cﬂ« ,/é}
p‘"“’df < / "‘Z r.'éf b Vt “ u,/’\

= ’(‘E—/fé’ , BT A’Eﬁf&?

\_\}91(;;0\( (eS¢ ILV\Ab l /oazé e

2 - 1
/J;& (¢) oA /JE(Q) = //:'S fo) ®/OE ‘e )

e a . — L "‘/.: — T 2/0
g) =) ﬁE(Ql = /05 (%) , /j ¢ ) f{//’s\ )

Dlaluo, ps) € Dlas (o, Aitoes

A4S Y Peg € C’z )L'Z‘C/( ("ZH'/"* Ce ("‘ "‘*Au /(7 Jecc )
s écw.c;@ A 5 Y JO Covvelalivu, o dde

AT V



S3-
PGJ)C/)/Q (’)(F.(r ¢ v/«.h ( S/rn ’/627 VLO A I{QC 7[ L//

Coryele écug o dn wnbnewn () GA L S /*’}E_«[G)i

o Tale (bl poie:

KJE ey :/SE (13)

Paeler = (ST ) e lo

Hscal y22 et e,
Pu2 b,

® /4b\7 47(7 watoc d Cacy et S e C% ‘G 'A—UC’C "’é‘) f‘z‘*‘& C/f,

QL& Nc/&auo( S'/S?L&h !Ax/% Ry o[/*?'—\ e _W';Y/“‘?J’”J‘

@r AKW‘I&@/ Covrele Ain, _/J“g (e) (Qm({ewwu 7 ) :

D(;/;(%) 1/51("4‘/) - D (f;('w{/(?/'o) )

, , - P ’ » -7 o
< ‘D((/SE (v) //f/c/@ E_.(c '))4_ D) (KSE(O//@’d/c}@/)Ea/C)>

.S‘(KIAC/C— pEA/c) = p; (G) .





