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bibliography.

v\






S Jaadl

<l gl

L LedasB azor M 3555 o) pslall G0yl & AL B Ge 23S sl
sloas olal3ll sda puiasy calall slas i 35 B cdanadll Lk ,ey) §,Laal)
S8 e gl 1 63@ Sy Bolall Lidadal) Lagdall ,sm ﬁsw L,u dapu
gy\ O OsSas eLadl JS =58 13) u,um OSas (;JL,_L\ Badall Lankll of ua_,ul
is‘);(}gm@‘uala.”u%ajét&mLwdg‘wﬂdaugﬁg‘)dwm
lie Log flolly @lall oo Bagash! Busssll sLilily o] Lughas 8gass oS . 4a5l
Slesoll puslS Gust Ssly pusales oo ssinl oo IS (A a3y LeeslyT sGaad el
c,u,mwuet&l_u:@wu\ BSall oo sda oS5 ol oSy Lelld uay 3,540 6la
w&muﬂlégwdsuupj 2R OIS alladl danbs eds G (552Y)
Qs 1758 5T Las 38a a1 o (ol elsglly (3 Nl LUl a_,.,,wn alially
44.\)&‘ ‘9.‘444{)‘ J«aLu: usﬁb 4&.&1‘ Jgc d\g.‘;.) ub.ﬂ‘ o)Ss Lla u:\_u.u ._\33 Jiolas
ple il sue g Blgss Yo
Joe & Sladl @ LUl apeioe auaiul o8 diss S @haladl o aes
sl Jlae @ dlanl & Llaedl 3 o350 Ladnly e poludl o580 3 sbasl
Ol o Y gl @ Y] palall SN e 123 LA pal ol ol el
LY GRS Cow 4u3lsdy Glebal guindl) SLasl Gujs Lesie «pdie el
Slse ] i ¥ s L0lasS Slso s dusse Lida Falie wu3lsid ke

e aak I Daleall Aol 90 FLASY T o ds5ls8Y I Y Libas



S sd A3 e Eandl

eolill AN e J Y sl s AW raliall o s 5adl slsgl cransT LgINs
C_u.ab uuLl.u‘ de dangy ;Lm.&.\\ é ohyall 08 OJ‘9.L| Y uﬁﬂ‘é o> us.cu «_pe
Aildie paie K obd oy aladitl) dE A8 ol e o583 salll o <3 aas
Oly «(dalias le_:uij fg;,i o13) Sl e daliae Bl dabatl paliall (<1
Al el Dnwlgs Lgassis slad oS1 (5 Y aaall e S3a%ud ¥ ol
Lo IS colinza 0o 05S SIST T cnsaie e 0583 3 Sbasl KU ol
S S8 G AL paliall e pale JS B3 e el b sae e 5
les 58 3 85umlls casmsl Sam Ul okl allall (o ) o ggall o of oS s

ple Bl e oy Lo die Y] dawlpall S G

PR a8 & ey
pslall EN JNA edans W) paanlis clasll Gluatal a0 533 ol celld aog
a0l 0fn3le ale ol e 461 2,al Wlagl-sls Ciussm il a3s be
KU IS 135 A S0 aaa e U Ganlis ceanlis o Lls s ¥ G 3Ld0 as
o Gl 5330 so cuwlity o o ¥ Bl 5B s pom b Lo e ot
o550 51850 oo 0388 K s of 8568 we el 3y 05 Y 5 e
soolal JUaiyl audial w8s LAY 560 S3 e JalS auas Suate Ga3ldl aal ope
ol wie @l Yo (o il Bagdll dadni msad VAV i Glandl 1 5 0lesd]
So ks aall Jo 5B o Dsluill pomall gsiad olls biuss Bl Las
O sl oolasll eadl wgy G 1igd L8l Lassdall caBa) Lage ol jall
saly baiis ma3 B e A IS o o] S8l ey dasais gsalasdl Lussd
X YV) Slide YVeuvsse o G soing i daja Ldus By dajay o>
& 55808 el JUail s o ) BSa0 305 ol o0l ge (M-
3ale lapanl ol Ul oaslasll o pds sad g e aulill (L8 olivmed
¥ atlasSll o S U ¥ OIS e palill (Al olinnas s (Sly anl
agale Sisaiwl a3 il wdgh elly Jslay oKy . g ulasdly osills SIGT ¢ sl
A Guass GBS e O ‘af\s Sam 1l L5 Jlas & 8 Sl
poeie aladiuls o3l s Glunds Guwds olailss guias) s sluailly by susls

Sl

Y¢



al,all

Sl e¥5a Suatawl e awlill oA e olisasally olisiwll SR8 SN
Gl all oaall oK) LU BAS olise o obi oe 03K G of 45
SIS Wl e Loysuns oSy lly (Laose e 5,56 chibany ol gp0lasd] Ldd
e (5 s Lalan] palaist S tlalayl S § B il Lalie Lls
S 8,1 ad 0 8,5 e Lalis ) 13a Lasipa g 5L e (s gimn il elegll ol sun
w3 U gl Jaras wlissall dhams 560 o2l Lasiad S ,al JIST G
i SN OB e & B gland) 5 & 13 Ll slegll Goan e laial
Sty o oSay 5L sl o o Bagandl SIS 030 § drantiy)l Lowdl 2518
S pa LU S sue do Slaa] psgber — s 0lsd — SISl ouls
AU oS olasl oF 3 iy o 3 diais o esia Y oSall gab alinsall f
sy Gyl i W58 206 S elell Ghan ae Looliail Basaall clisall aadll
Lo S0 Aslan IS S Rud Sl cllard 8l Chuass audy J) i 53l
& Ol slisadll Gans pasle ws feldll agas de bl S s ¥ Ui
Olesilss sadiul e aulill (LA olias § Ging il Luasll cagll ol
Gs - oalall I LS ws Jualy pads & (3 @ olsall Bl L) i §
S L8 5 Leaies o JAT Je Bluadill Lyluad) Gllec 2 AAA ple
oaoll 4 LT VAT ale @y Zealanst sladl K Wl oS o) sua] Bxe
o SST Jo ot slalall o S g S B paiaal) i ladl aiijaly cluaily
Boaie 3 o alay o (s S aB¥l Ul axds Lo fal3lll 285m0l Lokill Joa
Jpﬁmuw\wﬂm,&m\w@ﬂuwMIuﬂf@
Jaiae da 6l e 1aa ol

Clidnul (gad ool
Alae (e i suall @ pliand Lo s c¥lie BY5 e ualy s JELI 1ia oS5 o
2ol Jaw & 4l o ey JuiS Lgie JUie gy V400 Liw celind oo JUD
b)) 3l 2ol 2y olal) Lowill s oMl a5l aslal)
J5lS s Lass JUEL T 531 135 olig mSIYly epull g Jelinlly 32T Jlae 3y
B Jass 835l (ol e JUs a5y (£ IS50S 0m U1 s Lo S5l pale

Yo



S sd A3 e Eandl

S slalall ofa Land deols Zauy Unva Fpewd ad88 &I JGEL LT AAYY
Sy Al ks Lhany L5 @Y ad Lo aly (JUL 3a o8l a3y DAYV ale
sl
Fliall SLaxKh oIS cdsl el § goludl ddun o) day Lass 0alias] o 5o 185
t Lass sal) gl s Y ecudas g ol s (See sl IS L5 el
Jens cplianyd oIS sl sda @il Lasie .oy hall wm/cum 3 Eadl Laa
Ldie sbsadll Jolis ¢ aalfill e dagd dlany o 3l f0n ¢ olelnll Liaals
$ Lkl oIS Q8 ey wpmnll dalad o3 Lowie LeanulST daulty Jaid Gouns
Sl g mal) o Sl &l ikl alie ol a3y ol Loalie plial el S
sl e Uiaie Tubligll nny ahlge dl oS5y duiall oleliayl  gualls
alle Alaial o IS8T ams ojlay (iSU 3 dlae alelu o8] s elaall § Sl
Lo Gle guld e alLEK) @ L obaiwls olm peless Sladl ol
d5a5 Cogme Lpani tie sl 85l3 3 silss L3l 2Ll Gsam o oysls aY
o o] el 55 Ayl ol 9 Rl Led Laliiia pé ASlsde &5m
Oly wise filas) OplE) a3 Lgls dblghe Ll o pioll Yo S all ola
S35y palll Ba o s sl 13) PR o Lo sl Sile debid) baas
5a33s B rgae Lasun; 43y o e ol 5—‘);-“ ol 555 Y Slavan Hlaiuly
Lyl Chuns! ysSlas olasiles gasitul (Ul olslaail iy slaual sia
o &l asll lia als pams ble o G5 Sule 3 oLl gy Jhan Ll
LT uSand Ldaudl 83,500 sdn LgSaal 3l 8,akll fo sl Gyl @1
uy:. colS 13) af Jladl § iyan ol il 5,55 de olieyl slhie e sl
oo A5l alLall G W dbise i alabual olilee Aawly diaTs Al
Lalall OIS 383l pliasd pdgs o 8 oSl elat¥l 3 2Ll Gginy adas 3
aay elall Jlae dlin 035 of T Y] i) spay Adia § (5SS 1115 Lo RREN
o Al bghs Jio b die Yy Unruns 51 5lio a8l Z8al 43355 556k
Lolaill asiall 3 ooadill Bas ol 13lals o sungll 1ags L1 oIS 13) oSy B padll
SLuaUl

A\l



al,all

@ Ul dae @) LUY UL JGL) lis AT B, el e oS
Lo cnaiy] Jo ZSUYL pianill slalall sly,) L bl Eganll clS () (eedy3ad
ot ol uly 3 D pa OIS Gpm ol Glesiles ol il LA iyl olela
Laais Jo UM o A dlia OIS o il (L8N Dl po diaiall Fy .aal Ly
daaid ol L3 Ll Ldny 523l (S AN oda o LI 5 S eyl wsmy
o 78Sy ST sl L, & aill ¢ s sdlly G sailaandl elosadll slale T a3y
@il — 59ASIN BN 03 5b G guashs don dun ol ISy (U agslHlas
ALY L — 5,401 ©bKe anl G (Y1 alas

@i g ASIY)

U plasll danls olan she aawlill o800 Lalsl & (alailly Jusdl e S5 Sl
oy 350 Lasl 565 a3 ;l&@lwtﬂ%@\ @S 5 0 Sa dli e
dali, L@.&J,u‘ﬁl Slid e a3l pladdl o Srse — awd Ol LS —
oo _,Lm; OS5 a3 51 Gous LKL solyll alase ooy seall e lgalsa @
slalall alias (5T, Laias 3 close 5,55 U slalall aline Wil L4850 Slosws
1383 gzl ala3ly olasud 5585 ol s Y asISH &asl o ras,ally ol !
VAQO B 0atig; alglis o (0] Ladl) duivad) 20l 2,30 LAY as
Sy (LY 1ia fo sbsadll @ Jiss 835Ls Ul he VA0 T 2Ty, Juns)
ALl ge oyl Sjo Lg ol a8l L6 Ulie syw oS0 ol Al o o
OIS Gl — el was o e LS — (BLai<y) Vi Luaal oo aéll oy dadadall
ey ooS] Lasl aia3 2,u o oay LA slsadll (gl Sls] U8 e ans
LS @ Ledas blm;ﬁ‘dLHuLgGP\oﬁuAS\wl&um
JssuSle i) C&NKGUBJ‘)SJA&A& (OiaidlS 8a e G G sunsb Joe
a3y e awlill LAl olivw § daelalls 9b)43J|‘44us@aLuul Jsl ol o
parsnd Loanbalially Ll oalsall o B3lsl) e aaiad Lynd smash ahis
1 b liall Jlall aladioly arwadl 1aa jlus 7055 oSall ey *olyate o sadie
AU 586 pdlall s dal Al asy Gymash Slea phds 135 (St Jlall
J;(@tsj)Mnigujﬁajm&&mig@@tsﬂmiygmw

v



S sd A3 e Eandl

o5 1LseS Bgadd) olavunt) ao Y] &2k sl alal ¥y 2818 Slea dals
o) Baddl Bl Slaruss didall § o 50 Lasl O o gumesls ool o3
53l LusaSI) sl G OIYI pludul e o semeshs 83 udy (Sl Y
&l Junn o (e/m) GBS ) L yeSI G ASIY s oad Slusad Luanbalial
by ASIY ol pasial o Gey wglSll dia g guall 3101 IS BT Lgawds Lol fe
IS Ol ABae @53 (e o585 AABAI paliall OF o pdll g b3 o Fl3al
Alaie olgAS) Je (s5im3 ol

AT ¢ eS) daal SLE) § Sus labie Lulall Gases SLEKY 11 (S5
(oinaisls Sade JguSle Lasl 5;lgas Latall olailly wall bubasll 215 o<
sLsadll @ Glle s8I Joall Loyyy — G a3l Jloe G 1381, 13850 ray ol i<
Bl 3 A SLLaSY jase Ky oIS dun 10LS ity Gguash sge § Y —
W B3la Je il (gumagh Juns LSy . onpiiall 80 G elysadll causll agsll
3 Lewis S o GRaniilS ;330 § Gulis il lolee Gae Lavw Ll Juns
Jis Liags a sboadll Glle 13850 a3all 13a Ji Yo V4V E L i3 Lo 8241

C.'al.'s‘g;w

8ol cslogl) o 5ie sl @ Linll Ll 2 o) (e LaSLll IS Lasl of e
oms BaseS Aslaie 68 il Ll .auﬁfégl 25 Aadll Bl Slaswa e
oo clabil lly wls AW skl iny U s 0585 o Bles ikl
oo b alelis GIS a3y Lgals i3y Ladl Sl s do Lgall o)l
ol Jl Jasis NAAA L Linsbl LaaN) 0la [0 (e Jlsl Cye Zosrulssd daols
Lo adsts of Ly GaAE LS (olig ASIYI e 1S J88T 2a s 63 &3S0 clavuall
Osemash 33T o SIS daal e dilanl aayg g A< @uds o3 S5ae sda eilS 1)
cuiel Lumall Colaill e dlab @ Lagl) 223 03a Luly obaas d@le Je
Aol of A5lie S0 asall Lozl sda o llds oo mtiall ¢80 ol e s
838 Oy gumazh o a3y o giill Ladl Laud cslSE G sumash all 3 Ll aligh
M S e s o ggian OIS gMls (Jine 43S Daal Cpul aladtuls Lasdl
W3 o gl S JNA diam Al el AT slS Al s adls

YA



al,all

Joladll (Say A Bim il Lol wlipfl 3,0 Lemyls 53T ol ASY) i,
o Osash Ly Jolas Al Lgads L5l unlalially oseSI crlladls Lgae
ag e Blubid a0 Gameash G358 OIS VANY L ol Lewds by A
S daT el 5l oy . euoal olles crausSls camgsagll Lasll ol
o G 0ol e Mot 1hatie o wa gy ol 83 G ¢ susashs Lgasatul I
131, osumesh Slea 8 & Gay Budiy pash S S AN ey il g3l
SLES) yae oo 3 pal GIS (suash 48a3S) L oSy dnuadl (el gy
ANyl el e waus g 93
DoAY Tind oo Lo Brail) § Lpanan (g5l (3 colipASIY1 e Jo
LoaS Uipan Lgd cousill Aifids olipg] Y5 gy il 0l <(e/m) 4S5 Lyl
ly oISy A @ aliasy o(-e e Yau e LS) oo AU e Lpawds Liaal)
S5s) 2ahie S L) @l Je Sole (g5ia3 Libasll Jalial) o g Juds Ol
Slpiall oda o 3 Gl L 280l Golsall Laen Lgd LiS) (2aiae )3
Jogi of Jss s dsh &35 a0 08 & Y] cilaily awl joliall & &alall
cfglae ol Tand L3I Sloslan o smash sl OIS celld aoy Lasgas) pwis J
— Pl (L5 d Uil Girad ol g 12Tl (s Loty 8,30 duale peanis
Allay Limge Sliad (o gude oo s — Gt ddwdall (e Juli Gl oIS LS
Lemols Ay olis Sty Lgse Jundis o S
Bl LgIa i G 3708 8,8 danladly £l G 8,300 gunashe 550
s 15180 Lgie IS Jamg cosdall Jio Lglals Bt B yiuall g ANy camll
] oo Bua clalall o33 €S jha puail a3y a0 Lols Ldlu) Baall G
B, S a3 agd J) Gagl i Jsa Liall agoylad @31 13y cagiladd
Pl 3 pslall a5 el U] Bobad g of Lale celld S B (555 iy

S| da il

AN L elasyl blasll GLasS) o 8,300 (S5 Jw Lae J) Jaall o ol
Lolos LAY 138 OIS gl Lauans alall 13 Ji8 (oS Zas] SLE) 1,8 Jeg

AR



S sd A3 e Eandl

& eludll siie 3 lagla] pias daise Dialas plllall G § OIS ol s
S0 0o Jie oIS Anl o Gl gomd omTigs plelid IS SR oda o g
alabal sie G Lalall s a3y e awlill oAl ol § sbsaill slale
siay L3l Lol die iy pulialll s (guls puay — U ASIY — oYl ha
Luilsisdl) 2o 3 LSl Js e Lgse i3SI (Sas ] Y1 &S50 it 22
i i glall LAl Laus Slga e dakad 3 Lol JNa Ge ol @
Lals wul csl€ gatig, o Calss a3y LaiY Lgs pabauald Lodie s guall e 1558
By Lo ole s wsSlSI Laal diad e ool Uglhs Jo degudge duiiusld
._\33 deadl § a8 Laal L,ad @ aoudill U&ul l._m Lu.u:a_a Lalal é._\.bul
Bule San Sl N (oD Lgale GILT a0 LBl Laal Galass) J) elld 4 g3
sl et €] a1 055 L Gle g sl c¥alall 3 Usgall 2K J)
w S ] S (gubliaas oS pladil o 855u Lol 31 Cisas 0a3) alasl!
i GLasSYl i aele a8y (85 e ] Lasll Lllshl KU s gl ool
Laal o & QU slalall alaas 515 dgay aSB & SUT aie & @l Josil &
c;l;&o L;i_j oSS o s Y 4§L<.J|

pinll 3 8,55 el ualy VAR L sewns @ (uS) dail LA e ol
213 JISaT ol Gus) dasl 21 oal Gob Slaal GssaT Gsials Jsls a3y . palall
Sl 23 sl S e 58 elld @ a5 Il OS5 pladil e s
A Flse ol o0 LGA a3 U Qalall oo S] daal § alaiadld 3,000 ol
ol BLasisd ool Yo Sose0 Lgie g sl 35,50 S daiadl sl e 2
S oshudd) Gasashl f B rimill allsy Kiga S olSs s gudll (A5a%
Lalall ag Yy epall culial o Ll Grw Sole dbhuly spuall Slagl
1) Y] s gl — GuS] Lasl GLAIKI § oy S A e ge — m,jmu
do 8yuill & sl Salell osSs dua olll dgle Lidbla plas] Lawlsy (b
de Vg e @diy gus JSE Je g3k o3 Lele Aa3lall Las) ol3al
Boalls oo Bde oo sl canlll e plSs AN G Lpads aas olelu sae
ro Sas Lafie Ul ‘L;:Zﬁz,a&swjdf)sﬁm:smbwl‘wslmg 8 dd
0S| daal Glass)



al,all
u.:l.!ﬁa?l blaall

il o5 ASlewll 5030 3wl 3o Galsisish Bl dasS o VAT s &
Bac puatll 4K laa (%0 o3 casralisdly assbisdl olisS S6 2l ool
agie) Z5Las poliall Lalall Zadall Hls) sl oxslll (A22 Losiey .oilelo
— ol sall ol ual — Tam LAl A 3 Laduls (55 08 (] Laal T o S
Bl JAT Sl fda g aang 8wl Uls 3 LS Ll (puadll £ s Jads
poalls psall 1 @ psailly Bulle SIS slawd) oT Y] (Lpadll SIS Ak Lguds
cwsle oo J Gy Da Ul Waghae o S odel gall 25l Jlas s (i)
Bl -pisall all o sl Uil (5531 850 wasd s A o £ 511 s S 22
Bl o uaddl s iy 4 BMe ¥ G adslll Lt 3 el A LA IS
aslosall e sdiay 45T il all pladil a L Cigrne 78 NS oIS aSly
Lolahs plasyl elass) fe 8,08l sda (I Al . aols 330 G o9 Calals duwds
cselasyl blall

JosSn SLaxS) BT o] aay eladyl LLash Lulys & eoa] tlale & i
Ososadl @ Gany G (568 s usS gole caval Lo gle g pgolaial
G cbindll @ disd B8l o Yuas a3y alall o waadl p 53l e & Guius
Basas Lide jolie SlasS) ey elaayl blall Jlae § Laglal e V44 Y
2 gl e ellig VAN B coliasSl & A sl 835 S (golo wilinny
dist 83l e (oS rms oS ole Al (] wlias L) dadll sl &
aiall Ll 3y -(Corall Lal ladys @ el blasll Jlas 3 L@lal e
Loatite selasyl blasll Jlae § duy a3l LAY colS cpdall oal e J I
G Luead o ol AN Buaad) skl e dlule Sgan ae dysball e 108
blall Luwlys & 50 sda S5 slalall anl awl ol a8y . day Lass Y] okl Uyl
08800, cay] pul sag ¢ peladl

Slisaud § GiaaiilS j33e § Gswash pe dee Gailisan Wl u58,3, o
Loae @ JuaSle dasls @ sbjuall 3wl o VAAA ale Gy . ptie aulill ¢80
ok gelaiyl LLAN o VA-Y L gugw ousdy so ol dbay (JLAise
s ] BE) o sa 35585 oSy AT pale J) 2al palall Jsa3 ge

A



S sd A3 e Eandl

A s S ebaal (J¥aas¥h ol (J¥as¥y lis Jads pladill oo cpdlise
iy Lasd el e & ¢ 53 (831 Loieyy iy daly Wil Lol Legule 3001 s
Slasun Gy 25aly Wi 2880 o1 ed a3y Lols Lol e 31 T okl 00 o8
RS ag s S Y o Le Gy Zatl o ol Lo ol puy ESoall das
Pl (a 33T IS0 Lol Gl o 830y 8708 as uadily SIS Aad elasiy
O o oSy 78S il dumge Jlshl 53 S (] Laal Jia guabalinag oS
Shaas Crms el £50 LAES @ i Slasasn e Hiles Calita 3gh Ll clapunn
OsASIY Binds Janids Lajlafie 3 (sslud duseS Lind Joady )i olye o)

Al sl Limga L3Sy

&, Jala
Los 8,3 (o Ao de s 43Ws) L3aS o B Lol avins Luale Sl iy o U3 is
55850 JBel e Gsinls oS3 AT paie 855 Jf dulaall a5l J3aT5 Lglan,y
S0l — @) Gl elosuall sia Jie ARG I SURCHERE TR PO REG UM RN
i Ci3S) By eyl S8 Lyl e — &3 oMelis ZU L
Do VAV B 358,05 JEBI L plag Goss pale S & S pLE G Ll lasan
dass 835la o Jumny dAlaih Fwdile Lasla @ elisadll 136l sl JLiise
OIS S 8Bl oy ¢ el blasll Jlae § dlach e VA-A L clasSll §
cnd goull poliall Lulys iad el Jogs Lt o] ped iy § o3l 23, L
Geal 3 Y lbhasIl e & Gy GSL 38 4l 393 OIS 3558535 Ol esbaasd)
Slis3ally LAl wasll agall aas) M ol aslall (e 155 Laydias oS5 caganl
e slisadl) elale Landy SIS 311 Zaadll 8Lall ol @& 2L a8 4 LS5 s
0+ oo 78S w3 Ly dasain canal sL3dll (o f 58 dbluy oo sbasS o
3 Leglee sUT (qausle cauipls saule 3la oo US goat Y4+ 4 Ly (&L &
s, Lk o Wl clarwn o plad Lgad 455 Dol Grundile § w59850) pud
foanb elad] LS old ol oo Wl clows cdllily LINa Sadl Lo 30 o
Slasmenll pme 333 Wy olapuall el Jhas odll i3 § Llie oSy ol 3]
ied Aty sls slals g dudagll ololaall Loy 31030, Je L0

¢y



al,all

Lo 35 B, lawall Ghay ol avmall 138 Jio Ly aslony Losic Lay
el Blalilly (Juodl pladdl wo Ll GiSe oy LAY Al Ciymily (i
A e il o3l dwis Lalall e slll ) 18le B, Ge 5550 aadl

/ 19elll &gun Koy S5
e By Ve e Slaiiey ST Ll cloris (0 paans JS ABS Dol 598,35 sl

E]
]

Sy (Lo ASY Lgta a3l poele 353 Silay Wl pun Lisiall ) o9 ASIY ABS
Gl ol A anl avwall is aubaisl 13] o gunll de s GOlES e as o
5 asaall igun el coall o s ¥y 8 0T g0 olise & s Gola a3
U3 ISy galaal) eliaill L3lm) el BB, ohd @ Lage olbisad agag
il U Basis (g guaghal Laball zisal oIS 13 oKy (Lgalaal) Luwlalisll
Gl clasan o8 BLa Yad dum gl Diaddl 3,8 i€ 13] g L Caladl J) Ladyl jan
Slavuall alias ol il 03 & el 5 Lay dass ol gou L¥a Satu Wi colS
29003 e a8 Lanball Zigad GIS 3]s ALY JYa dapiiue bl § obe
Lo sl il JS 2585 10] (Sl ey logadl JS) oy o 3 35 camls pnn
oan 3 pabuasa Wl s 08 (S 8,30 (e 78S iuals s pdas Sas &
et Lalas I ) 85l diaadl 5535 Bulell 3u8ull 5SGU) 1ags badd LYl
shuall Lalinll o3 sda oo asasll LA J¥A e Wl olasws alias
3ol Limol) Ein il Glun Lgas 36T o oas L3I Basssll Al L siay 3olal
Sl Gans &y dgiblus @ 55 Lelany Lo Dasl) Zinll Ll Slorun co
palie) Gos s LSS ol ol Gy (udll Lojlus g Yol wans Lglans
Lo, L, L
2ol s zigaill sas 8,30 1aan Bisad VANY Liw 58,3, A5 1Say
L3850 Likie ysmg Sy dl aysisds LLal B4 SR Eganll Lagh ol
5,3l Limsll Zinall S Yo Blsill g5in3 Blsill awl Lgale 3llaly 8,01 & §pdun
Blaws G Busmsll Llall Linall Lglin s § Solidney Lilad sluss Llaie ol ay
Uolaie 3,5 Gia cligASIYly Slssll aiuss o5 ey Bloaly buas ;:m ol A<
srm il &l o Tl gsbu Sl ana of sy oolaall casl a3y GoseS
g ASH] Dlaww J3lo pw TN dlga Bule Bl a3 il 3] 5,00 aas G

AN



S sd A3 e Eandl

Jlom o5k &l Gugas goly SB35 @B sl L5umily aw A\ - Bule Laylas il
oLl BB (e Llaiy blasy Jss Ol TELSIS Luatie @ asa9ag w2ty Aeale
ool o Ao Vo Bl i3 Lgs) Mie s ZSLWI L8 a3 Ly gSay Sl
oo Lo by Lo Ll 3G Jisis 5,00 8l Lo pussall Gl iay mssal
sl U K853 31,300 130 (yag 8,300 3 agm sl 1ol < elld it g . lig ASIY
oliadll dawly Gaay xe lgaay culely (sulll bl @ lajalls § Llall
sl lia Jf Joss Lesie Jigs 838la o S35 o) cay5850) Jas 18y LSl
ol Ligll Grme o pd - (lgaman A colatll Jo Jiue Fisad 5a5) 8,300 wual
3 raiall jelis 53 Jof V808 L olel 4l il hay Liulgs il 05 oS3
uw‘-h.ﬁﬂé{gﬁﬁ-;ﬁeﬂ‘szﬁﬁﬁxuwéowﬁ%diweu‘
lis aey VYN i o gaalsd (o 0558,0, /w,L_m il Fad a8 Al (VAVE dw)
o5l Eagaill el W GIS alall § & plgus) lael (3 (Jisd 835l I3 § Lay (S
o dl Jadlls Sas LS guday eeliudll Jas o gasaill lig) 15380 oIS, 854l
slia il L35 B Guits e Lasd 03as Zalal) aliadll of Lo o sussll suls
cela a3g Saaasll 81l Jaly J) Dbl @b Aty badus ¥ 03] 13kels (dgalisl
posd Jl HLaT Lo say e sunll o oLl oo Joliss (3N a0 s e Ll

I 2 e ) el e

Shals

(1) Quoted in many books, including Invitation to Physics by Jay M.
Pasachoff and Marc L. Kutner (page 3).

(2) Quoted in The Historical Development of Quantum Theory, volume
one, page 16, by Jagdish Mehra and Helmut Rechenberg.

(3) Quote from Einstein’s “Autobiographical Notes”, in Albert Einstein:
Philosopher Scientist, edited by P. A. Schilpp, Tudor, New York, 1949 (page
47).

(4) “Devised” is exactly the right word here. J. J. Thomson was notori-

ously clumsy and planned brilliant experiments that other people carried

£



al,all

out; his son George is reported as saying that although J. J. (as he was
always known) “could diagnose the faults of an apparatus with uncanny
accuracy it was just as well not to let him handle it.” (See The Questioners,

Barbara Lovett Cline, page 13.)
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(1) Quoted by Mehra and Rechenberg, volume 1.
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(2) See Physics and Philosophy, page 35.

(3) See Klein's contribution to Some Strangeness in the Proportion,
edited by Harry Woolf. In the same volume, Thomas Kuhn, of MIT, goes
even further than most authorities in arguing that Planck “had no concep-
tion of a discrete energy spectrum when he presented the first derivations
of his blackbody distribution law” and that Einstein was the first to appre-
ciate “the essential role of quantization in blackbody theory”. Kuhn says
that “it is Einstein rather than Planck who first quantized the Planck os-
cillator”. That debate we can leave to the academics; but there is no doubt
that Einstein’s contributions were crucial to the development of quantum

theory.
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(1) One version of the story has it that the move was a result of a
disagreement between Bohr and Thomson about Thomson’s model of the
atom, which Bohr didn’t like, and that J. J. quietly suggested that Ruther-
ford might be more receptive to Bohr’s ideas. See E. U. Condon, quoted
by Max Jammer on page 69 of The Conceptual Development of Quantum

Mechanics.
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(2) The full quantum theory tells us that light is both particle and wave,
but we haven’t got there yet.

(3) A simple version of the formula says that the wavelengths of the
first four hydrogen lines are given by multiplying a constant (36.456 X
107°) by 9/5, 16/12, 25/21, and 36/32. In this version of the formula, the
top of each fraction is given by the sequence of squares (32, 42, 52, 62); the
denominators are differences of squares, 3% - 22, 42 - 22, and so on.

(4) When dealing with electrons and atoms everyday energy units are
rather too large for convenience, and the appropriate unit is the electron
Volt (eV), which is the amount of energy an electron would pick up in mov-
ing across an electric potential difference of one Volt. The unit was intro-
duced in 1912. In more everyday terms, an electron Volt is 1.602 x 10719
joule, and one Watt is one joule per second. An ordinary light bulb burns
energy at a rate of 100 Watts, which if you want to you can express as 6.24
x 10%° eV per second. It certainly sounds more impressive to say my light
radiates six and a quarter hundred million trillion electron volts a sec-
ond, but the energy is the same as when it was a hundred-watt lamp. The
energies involved in electron transitions that produce spectral lines are a
few eV—it takes just 13.6 eV to knock the electron right out of a hydro-
gen atom. The energies of particles produced by radioactive processes are
several millions of electron Volts, or MeV.

(5) In fact, the Balmer series in hydrogen’s spectrum does correspond
to the transitions that end on level two.

(6) Quoted in Mehra and Rechenberg, volume 1, page 357.

(7) Op. cit., page 359.

(8) I am, of course, exaggerating the simplicity of chemistry here. The
“little more” that is needed to explain more complex molecules was de-
veloped in the late 1920s and early 1930s, using the fruits of the full de-

velopment of quantum mechanics. The person who did most of the work
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was Linus Pauling, more familiar today as a peace campaigner and propo-
nent of vitamin C, who received the first of his two Nobel Prizes for the
work, being cited in 1954 “for his research into the nature of the chemi-
cal bond and its application to the elucidation of the structure of complex
substances”. Those “complex substances” elucidated with the aid of quan-
tum theory by Pauling, a physical chemist, opened the way to a study of the
molecules of life. The key significance of quantum chemistry to molecu-
lar biology is acknowledged by Horace Judson in his epic book The Eighth
Day of Creation; the detailed story, alas, is beyond the scope of the present
book.
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Dlselsa
(1) The Solvay Congresses were a series of scientific meetings spon-
sored by Ernest Solvay, a Belgian chemist who made a fortune from his
method for manufacturing sodium carbonate. Because of his interest in
more abstract science, Solvay provided funds for these meetings at which
the leading physicists of the day were able to meet and exchange views.

(2) The quotes in this passage are taken from A. Pais’s Subtle Is the
Lord.

(3) The theorist Peter Debye calculated the “Compton effect” inde-
pendently at about the same time, and published a paper suggesting an
experiment to test the idea. By the time his paper was published, Compton
had already done the experiment.

(4) Quotes from de Broglie’s writings, and Bragg, are taken from Max
Jammer, The Conceptual Development of Quantum Mechanics.

(5) See Jammer, op. cit.

(6) Which was first detected only in 1932, by James Chadwick, who
received a Nobel Prize as a result in 1935, a full two years before the similar
recognition of the work of Davisson and Thomson.

(7) Arthur Compton had, in fact, speculated that the electron might
spin back in 1920, but this idea had been aired in a different context and
Kronig was not aware of it.

(8) The 21t comes in because there are that many radians in a complete
circle, 360°. The fundamental unit h/27ris usually written as h. More of this
later.

(9) See, for example, The Born-Einstein Letters. In a letter dated 12 Feb-
ruary 1921, Born says, “Pauli’s article for the Encyclopaedia is apparently
finished, and the weight of the paper is said to be 2% kilos. This should

give some indication of its intellectual weight. The little chap is not only
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clever but industrious as well.” The clever little chap received his PhD in
1921, shortly before his brief spell as Born’s assistant.

(10) Quotes in this section taken from the epilogue to volume 1 of
Mehra and Rechenberg.

(11) The Conceptual Development of Quantum Mechanics, page 196.
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(1) Physics and Philosophy, page 41.
(2) Quoted by Mehra and Rechenberg, volume 4, page 159.

(3) In Dirac’s version of quantum mechanics, a key expression in the

Hamiltonian equations is replaced by the quantum mechanical expression
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(ab - ba)/ih, which is just another form of the expression Born, Heisenberg,
and Jordan called the “fundamental quantummechanical relation”, in their
three-man paper, written before Dirac’s first paper on quantum mechanics
appeared, but published after Dirac’s paper.

(4) With characteristic, and genuine, modesty Dirac has described how
easy it was to make progress once it was known that the correct quantum
equations were simply classical equations put into Hamiltonian form. For
any of the little puzzles that beset quantum theory, all that was necessary
was to set up the equivalent classical equations, turn them into Hamilto-
nians, and solve the puzzle. “It was a game, a very interesting game one
could play. Whenever one solved one of the little problems, one could write
a paper about it. It was very easy in those days for any second-rate physi-
cist to do first-rate work. There has not been such a glorious time since
then. It is very difficult now for a first-rate physicist to do second-rate
work.” (Directions in Physics, page 7.)

(5) In the everyday world, the same uncertainty relation applies, but
because p and q are so much bigger than # the amount of uncertainty
involved is only a tiny fraction of the equivalent macroscopic property.
Planck’s constant, h, is about 6.6 x 10727 and is a bit bigger than three. In
round terms, therefore, # is just about 10~2”. We can measure the position
and the momentum of a pool ball as accurately as we like by tracking it
as it rolls across a table, and the natural uncertainty of something com-
parable to 10727 in either position or momentum won’t show up in any
practical way. As always, the quantum effects only become important if
the numbers in the equations are about the same size as, or smaller than,
Planck’s constant.

(6) Born-Einstein Letters, page 203.

(7) Not before time, in his opinion (and, to be fair, that of many others).
In the Born-Einstein Letters, he recalls (page 229) that “the fact that I did
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not receive the Nobel Prize in 1932 together with Heisenberg hurt me very
much at the time, in spite of a kind letter from Heisenberg”. He explains
the delay in receiving acknowledgement of his work on the statistical in-
terpretation of the wave equation as due to the opposition of Einstein,
Schrodinger, Planck, and de Broglie, to the idea—certainly not names for
the Nobel Committee to dismiss lightly—and he makes passing reference
to the “Copenhagen school, which today lends its name almost everywhere
to the line of thinking I originated”, meaning the Copenhagen interpreta-
tion incorporating the statistical ideas. These aren’t just the crusty remarks
of an old man, but have substantial foundation; everybody in the quantum-
mechanical trade was delighted by the belated recognition of Born’s contri-
bution. Nobody more so than Heisenberg, who later commented to Jagdish
Mehra, “I was so relieved when Born was awarded the Nobel Prize”. (Mehra

and Rechenberg, volume 4, page 281.)
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(1) Quantum Theory and Beyond, page 1.

(2) Subtle Is the Lord, page 8.

(3) The same process operates in reverse when nuclei fuse together.
When two light nuclei are pushed together by the pressure inside a star,
they can only fuse if they overcome the potential barrier from the outside.
The amount of energy each nucleus possesses in that situation depends on
the temperature at the heart of the star, and in the 1920s astrophysicists
were puzzled to find that the calculated temperature inside the sun is a
little less than it ought to be—the nuclei at the heart of the sun do not
have enough energy to overcome the potential barrier and fuse together,
according to classical mechanics. The answer is that some of them tunnel
through the barrier at a slightly lower energy, in line with the rules of
quantum mechanics. Among other things, quantum theory explains why
the sun shines, when classical theory says it cannot.

(4) One way to gain energy from fusion is by combining an isotope of
hydrogen, which has one proton and one neutron (deuterium), with one

which has one proton and two neutrons (tritium). The result is a helium
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nucleus (two protons, two neutrons), a free neutron, and 17.6 MeV of en-
ergy. Stars work by more complicated processes involving nuclear reac-
tions between hydrogen and nuclei such as carbon that are present in small
quantities inside the star. The net effect of such reactions is to fuse four
protons into a helium nucleus, with two electrons and 26.7 MeV of energy
being released, and the carbon put back into circulation to catalyse another
cycle of reactions. But it is processes involving tritium and deuterium that
are being investigated in fusion laboratories here on earth.

(5) There is actually another type of conductor in which the valence
band itself is not filled, so that electrons can move about within the valence
band.

(6) Bardeen had already made a name for himself in 1948 for his work
with William Shockley and Walter Brattain on an invention that got the
three of them the Nobel Prize in 1956. This little invention was the tran-
sistor, and Bardeen is the first person to have won the physics prize twice.

(7) The original use of the same term “nucleus” for the central
part of an atom was a deliberate echo of the already existing biological
terminology.

(8) The First Chimpanzee, with Jeremy Cherfas.

(9) For example, in Man Made Life, by Jeremy Cherfas.

VoA



Josin of o Juadl L) Ja J) Jibasill (90 Lo Ae Joa Jolai oy
edolazs o Gas dadl )

SR> S5

VAYE—\Vo¢






Selill Junall

O] AUS 9 oo |

B psad) Lawdl Layys — Zpsad) clawdl gualS 70 aled il pas Tase pall (553
VoDl goatal oK) Osdll Yo sluse s3ed cegian aly 2K Akl — aall
0553 Ly g pial) Gl o Lasys Sie T n2 el BISH ol ] Jussd &g
3o Lo ST L5050 BISs U] Jumy o3 Tl 13a
2085 VAT i § OaleinsS dl balussd 8,05 e psedl s 33l
Zinle GE5 gualll I il Jsm s el glll pgll diulel o Luwlill
paalal) COLAS 50 saius s s oo OAUAS Ge s W dadipl Gl aad o
ole @ dbluy a3 Y (Sa Lad B3AL A 5al T) ey auiglh Jia 3150
OSs CBSy ISE Al i 13l Eaasal Blad) § i Lo (e g Sl ol
A KIS Dbl sl J) 2 050le ale Soann laguans crallall (ia by,

pq—-qp =h/i

O s ¥ (Ap) a23lls (A4) mzsll @ ol pae 236 o Aolall oda e 0S5
sl dle SIS Lo JKI caiall aual Lgdads Buclill 3ilady A e 5o LI (S
oo o Jadll clasgy 1 Jie (Jadll olasy gslun g pd Juals 3N da31R0
(E) BUall S50 e 545 olpiill s3a Jio o 331 algll g3l el £y x 2301
3 Bagase all Lo el Lialla) LSS aaaldl o) 2 50le JBy (1) Ge3lls



S sd A3 e Eandl

opdall pae SGMe 4l gane JSiy hads il (Sall e oSy o595l allall
oSl (B0 J5T a5l Ldyae caal s ST aiws 235k LS5 ae cilS LS

Gall pas (e
T b3l Lsd e alasy LoUY) ebsadll dae 3 Aadll a8l sda o i
S0 Basantl e¥alalls & salll g sns el ysa Jie & skl slalall Lghidtawls AR YV
2a3bled Baas 2 050le 2818 (sl et alans oSI sall Jo Oluaiuwls ¥l
3 p2lly psll o) LS i Loy Basm o plas o e il s,
992 55 7 Laa oIS ella ol Y] bl ol ool alal Iodslms s o3l
Sy e zoole 4l Lo oS5 ol fin o

G sly e @l sda Jin Batuse I3 ¥ i) din agdll s su o] sedans
5SS 4 2 i5ala pudiel als ol e 555 L i Lo WIE 0 dayslall
dgal] Sl Lowie oLl (33 o palais L) dbase J) Jsamsll o9 ASIY) daade
RS 550 ¥ o sislly el J) Lgie o suall wlisiph alii)) Gaut gl L sa
ol oSy ] 5 Loie 138 liw el of s o 1l fom o ssb Je
Bl podius oF 5 ¥ s Juus S O] Sus Gl ES GBA, gAY
Bacluss) AW Jo ), (Sar in el e sk ol bliieg e
oo 555 Lala Zas¥ clisigs sy 88 LeiBla sia Lola Zaily (Land Slea
Ao Daelys Lyl U0 — woatll Bileas Laale ihanll oSans — osrSIY)
Aoy dunds L5,0 Jad apmey — Lo 855 § 0o AW QIS 15) — oo i<l a2
LIS 8,30 g ola s A 13s b Layy Lols dadly (ol (isSany Se

sl Golid Ulatul e dale 3,55 anyy LUSH s Loy pruans ell S
I Ll ctalaall gy <cakl poc Tase oK1 880 e op ST a25305
dl 2850l 3 OLiEs ABges 225 O AT (6 Of oS Y T e Ll (KU

Hae § Alie Ll 3 poiinls JB LSy sl suay 3BT a8kl s3gd o8
clase Ul dlunlss I salall Cipas o aubaiod Yo reelsjud 556 o piilud)
Gl oiat d] Taeillyy ASaMS IS Tasia Go KU Al 55T s liag

Y



3 pran S adly adse Gise 1) Jaitall 3 Sasvw Lo IS 503l (Sall oo
g Sae ¥ JBL 5l 1as 5,85 8 opfaadl oasiliadll J) Lol Ll o sSU)
Jioady sl ualy sl o ol a3l) i ol pabias ¥ B3] an
cliginny Lasll KOG o eobaall LB Faill JS oo Lguwds Lagmill Je
Dlias a3 g Ao ells G ae 13a clpnal g laely Glaysmngsmmzassls
O S5 Cag Aeste SISUI 3Ky sans oS Luasall Blaadl allad 280508 &plae G
oo Jlie @ LT 3y zionle U3 ol pue B¥e J) L) s 03 ol
c::\sf% 8 T IINVAYT s § o ligas Jlss 13 sl Satuanmg s 99 Gad
pd,,afj_qaf“m@\J;@&i;i&;ﬂ@,&gﬁ;jm@;)n
s dasd o s ¥ Lgals Dy g bakd 533 31 Al e a3 I 451 Y] g

[(GLERNYS

il AN e SLASYAN 3 ) LSS sda oliaai slalall audia ol
Slas¥l Gaas selyy sas IS oL W 8,881 — Ll psgier Juats L
Gl aue ole o aoy cdends gl 3y Ll il 5all 5ily — Saaad
oS5k Al Gaay ol ZEI SIS Lol eNolall (o L2 lital (5ya a3
de Jobs puiladlsd adads onill pue olislay ool A LIS ¢ gy 15320 a3
A L5k g Uige Gesase Yo L3S 135 oLl lia & gusall S350 o I
gaelall L5 GBS Jgiusd Jad Glons alie) aidy opdll pae aliday Bl
VAYA dis Z0UYI BAUG 850 Jg¥ OUSI lia sl Lgds Z8y kIl (oS Kl
Ll sk Jliey S 13a T saly VAT L (nsiae Lawls) alasyls o3
ool s3a e Ik dll A praaaly ¢ all 1ia & Euwlidl) aalyll e Juad
3 Ml Lo el Loy A Jlal allasl) ells RPN o553 B3]
poe wlite ask oo oLa¥l LIl 3 A8 Dok ¢ adats 13a Liags s wlaslad)
Lol
95 A& Ll ralull eMolall G (JS e 3ol 3 usd Bus liag
Jlsa¥ o Jla 6l dums Gl8 ill puay Bl 13] oS0y ol pae e )
Sl aae auall Basssll da skl o elld oo Toally AU duwladl coladl J)
dn !l Lols dail sSiug Sue aladial Jie Al aluidiwl oS3 cedalall G50 (e

VY



S sd A3 e Eandl

Taws ol asablly Galiy ol aue o aBiad [sall fe Gulill lia Jany s by ASIY)
3933 dieg 1aa 13al a3 o eliley .0 oS danbs (e dpwlu) A8da 1L Ga330 Yy
Aol § aedas Lo J) elig o ol hais st dfass o3 5aT Gus apal
S e Jlual oo damilly aslall susaa Jillys dhibia 355 020k pud alalls
EUESNEN ﬁauhl Al <ol pae Tase ol Lalial) Lol aualilly cpdsall
igs al 13] W JS ey punall a5 3 1 gel cddi€) a8 obY s ol ol jlas
Ol i Jsiall e a3l (@KU alle 8lpe @ byas of Busly dualal) olugaslly
Tase ¢ sSamy LG Lalall danb Joa dladll ZBIL allall 1as Calas<l Tus
G e Dot slea¥ gl 1ads Lilate (UK 3a Ge (RO s3al) & cplid) pue

Lsulana

Tl 138 0T o cdintan il aleadl 30 Y g3 (opill e Tasas 3lasll agll Lo
sLsadll 3 13 3L SLal @3¢y a3l @ AL o AL diwds 3Ll Joa Y
oo aad Ghand G oSl Ll SN 3aTy (a3l L Gluds AN &SI
ol pe o lite 1Sy Jaitally sAU o oL csdan (ol pgusn 5ms S5
3,;:”@191“”&!_4@1;5‘w;@y@e;,;b@a&n&wéﬁ@ymm&
selsd las Jals § 4ty .S5o nd sy 5usill Vsl Yols und Jadtal s £ il b
a3 e J) Juad) e L8k Cluadl L5 ohia] (Sall o oK1 S51S00
K30 pds lae b ol Jutally s Galll § plae G e banally 0055
plad ais tliled adas AU (S Ossald oms ool Jdl bwalls ipas Y gaid
— Tl tan e — Gipad o Sl o gale Asie Bylatubys Lo ool (e
oo el Laalay iesll Wiy po Lolad el e calilyy eabualss U5 oaU
alle puain @ Lalal dow ay Jyeas Jiltue J] Byrae Gle o W a dua
i3l el o oSl G daatl g3l el agua elld dayy (Sall (e S
s Laad Gl SASYI Glinedss
clEval 840 luesill sl Jias Basd Gud o sShat Laudal Tu g &y
s asgiall Goshall iy s sl e Llad el livadill sda cilS ond) aue

AN}



S ol wds et iﬁé Banh Eumy adsll Gand al] Jpmgll Jslas oS
oud 23lell @ GeASIY T ae) aSU alle agdl Gliss s prwally dasl) Hsm (e
Y G ,ch%nuummmw&uuémg (avn Y5 dn gy
Leans i Lo i alsl ZeelS5 ol 23S iy Ty Lagitpno (S
S 15 il ¥ Ha B pd VAYY ety VAYO als o Lo BRaN Gy Lo
M»qujmumumsgiﬂe@m;mgm@ I & e
G &l U s oLal . JalSall 3 S8 Lgad 33 H sl (e péd c-b plel (2 lginsS
o eluall e Jond Aalite o G ashiie o 55t TSNS el 3l
Zashill pe Jolity saladl ol 280 el @ b oY of £l,e @il 1) Lo sl
L35 & skl ulid ST 130 e a3msS L] LIS ¥ Zeslaill o ol
£5m3 LA 13] fpmn (puSally a3 30 @ ol pae oo a3l Bl o naat) s
CBESS Ejad sagi Yy cmmad) Slew o @ALS LG dayll oaSlad bl
Joing LSS el3uill 3 WSy NSy die of 3 daslly prmall slow e
i 280 el30d b L gt By LS nny 3y 1S3 G By Slasaunl 35
RETTURNERE AR NURTJESR IO JLVOR WO

sanal psilly Laliie Sitans SIS sda L5l Wosh Gay LA 3 ratul
Suny Lo Jshaas Lgaghs Lom s @ Asgs 33T GalginsS il Zpnl) wlowad
st Laate w3ae o s 0w ¥ T 2 a3 wim) Dilee Rle g5nd Loie
s anss Yy dsaill oo Yad Eds Tia — cplaaM) pan — Loly e S5S
Lpail 2 5 4iya Lo S (6 Y AT Laad] LI US elyu 305 30 debuadl Jie
65 ol LBl wie 23 T 43l (g siue wie (o ASIYI (o3 8,300 J) Slil) aulaias
JIT ssial) (e 343 a3 AW o JAA3 Ly w0 Q8L (g5iume wie gAY
iy 5 SN g iy 3 of o Y sl 3 S ] ks Y o (sl
Les -0s AP ) S Y LS Lasie dany Lee st b dus o pabaias Y5
Jims o Jeial) e T 280 200 c¥ulas oo 5] coslaill i (e dalad pubies
o LY e Jima 5 ESB §ra bl ey e ls ) Bk 13T 2y )
o U Jumy &S g@l,msusum_,»mmdﬁmunwﬁ
ol (i (5_\11 srlll &I gl L Al ell s 13) o ) T sl

3

5\\

V1o



S sd A3 e Eandl

Joend 505 (L5l Guddd (Al Glbla] de Blgias ol adil] 568 5a305 3
o sl & ,aT Glaly il pans T gsiadl & sli¥l Ghny sags iy ol
59 3T (g5hme oo JEDY Suay S ol onilladl o Baay 31 L s I3l
Sl fre g3 pd b

Loe 4d,m0 U 1350s ellia o L1 ey S aflad duwld o L5l & siay
Gl (33K Losie Ll 5,A00 e b G U fad) LB Y Losie s ASIYI alad,
) Sl Y Loie Sy Lae 5,55 (5T Loal Gl

L0 5aall LB Jadl (e Laay o piall (L8N S Lads § o siasa) o35 adl
— 450 Lo o e 0ds a8y bl ale dawlsy U § elld pogads Y1 s
& Koo elld o Yo o355 liiladshy 5,08 Zosu Plie — Lylas oo asdans L
colal) sl o Ga A 1l olaatll sla cal e blud) el G @ilabuy
S csloar sl Al e Brae 3 it ol ouly S8 ol el
JSad) ialS Jsesls Bskae oo S3ST Gud sty alill wad @ s Tay olidl)
1osiadol JB B 55850, Ley «aaiSh A Aokl e sia Jgd gondd
Blsd ol s faleill e Lyal 3 &yl S S slasll sslaty ¥ GLasyl,
Bl Jlas J] 5955 A ool @5 sa ol e IS5 8500 dal Lagy al 8,4
0Ll ey wusms Jlainl diss 253 o1 dI oaieisall oledl §T sy o
& Byl oliall o ST el Slarunlly s U ST sse Disme alY ok
paas 503l ohgide Gadal) GLAN S LasWS @ uebisadl) G ol dgaadl
plsl i @ Elall cnlelinll LS il Golbae — g isnll sas — 33T woa
Vg 2oilaly sl Ll Lolise cnly 1 siats] JUBs - pelasyl JMas
o) S oa ) tlsaall ol Js3l o 5oaf don oS0 L lsin il asay & asie
S olsis 5 snill dal Ll el aganl

Jl BLayl) dbie d€as B lash Jadll sua gadl il ey
Laads o Sall e da 30 plsl asmy (oA LS (Lilide Sulise NS NS
oAy Bl o Jaiall Ge day Slajalls o antl 3als o sintal ofoSa 341
i) bl Jao3dl £65 Gsmmpatll a3S) o Jf Sagage oS3l s sl
oo Losge do Bode Lilgie dain pia o olinedsll oda Jio o pdy SlellSal

AR



dhuny S Balss 1]y 28 alle 3 Lok (S Liles dlpiine Al LgiST daaslsl
Loy aubiud lsly Buc Lghe ity &ijats abidll Wiay dasaun ik 1
G Chmsll uds padiad 330 IS Gy -olasuall e (o E55 dom Je Sl beS
¢ LS lawall Jslaas olpwdill (Sl lsLdll o degaadl Guid o Juans
Los s (sl o ¥alall B Yy clulaia plad oo 3T 0585 Y Layys oladY)
Jis cassi50, Jub Blsill b aal lan als tlgul] B3 Y Leaie olaswall alads
aaean ] Jads 13le 5 of padaiad ¥ BS 131 05505500l asms dal Jiady ol Wl js
O Al ad tal] S5 Y Losic susass pdad Ol pabius Yy ] Hh3 Y Lesie
OF Gany al ¥ top sl GLE1 a3 asay Legd S0 ol Gasassalls Blsall o S5
el ctgle Juma3 Lo o LS lle G ol3 Las bl ol U8 L B Sl 61,
U&@LG*M&AA-”UA“&W@S‘&“U‘WJ“LJL“GAS‘& k5_4_«.«;:-qu..dL\.m
Job Aalas SISYI Colatll Gaay dhalsy caaband a3 JLII sda s aall s sl
Sy S S guall dua gl Daglall o w3 g5l Joball Ga osles K3

) $obig3pall Jolaas Lo jouds

O 4,23

Lualll & G tiall las do o3I 50800 G cpdsnadl Judly opalall Juadl s
B o A3l damse pd8 Wy A Lo, sillS agan (e oleibls o)lisy, s
525 casli3adll § Slails ol pdlaey o tiall RN Sl BIsT G Lsdalls sl3al
Lole ol polae 3l ady cpamalall Ml (5331 anbll 4 ol gulid 35
S8 VAT ale (o o (o Go2sil § Sl Al fia dwds ¢ sunsll 3
dillae 2a3 @ OS5 VAVA Lo Gleals ol L IL3adl (Sl Luslsy Glsie ol
colae pung 3 Kagio oIS Eua (0ol 58N e olinas 31 G o b5
dany @KU Ealiull Lo 58 pal ciad drunlalisay SIL Loladl (LI da s
Loy 2o, @ dslall uLA.\.‘Ls Loy syl 1aa e VAT 0 i J.ay ¥l Je
Pgntsutsuuuws@@uwmwuﬁudﬂ\wmmegl
Bpiie Lo @ Yeus of Uy painle e oKy Ll aels@ll K 154,
T psade e LA LNl Y dapaall 85 5ually Q15 Y Supandl SIS 2

A%



S sd A3 e Eandl

aid planli Jis W sl e 8550l a3 — L5al) &,all Als @ LS —
Y s Bre JY L shie L5 oSell Gay pgd dalie SalI sal S esk
1ay . ol sgally ASEN Go Juls an aSTIL K1 ibala dal @ i3 o5S
5 Lo g putslly — o5& aelaly Jsb olS oo @ 6 l] S, e Lo oo
50 sy Aadle @ sall Cwlil) I o il pae olive of — Gals
Ghall d] gaskis ool — Baall sslall 3 Gaalall s¥3ay Glanls Jiags @KU
JB e Ly dhis ) — bl JLad LISET 215) Balel Go Yo ageaish
O oS0 SISl padadlly @l palaas Galddl das e oo Jo¥) dnduall § Glanld
50Uy oda (N 1AL L gu3tl Jokall 3l & yas " B L5083 el paiall
AL SIS G Lg s ASandS Tk Lo il 3l Js_;n_. intane dlinione
Elae US G Lot LA o G2aL) sl s ) (aiaTs Le3ls a3151 G
ol

S5 L IS @ alsls oudll 1 e J BB @ outbinadl slalie Jiag
oasaills (91 Taily Baasall Sladl Jsluas 2K SISST o 8T o QLS i 3 b
25 Ol gl Hudy 13y duesall W (e Gaalell s guall o33 ob gosall
O 0Sas Liegall a3 @ egb dlin g 2K K5I8 sgun o oa3lsl allall
&l alas Y5 Jﬁh@éidﬂ;ﬂlébd@&% @3 plle @ 4Slas
Olias Lads lliag &,uuiu_um@mﬁudsj ﬁgigu;um_usumn
(clsisill) olaslly (olsAIY) clowall oo ¥S 2 dodl Lego ERTE
Olasls LS Ly dlil) Lol L aSulaie Lualll aclsid lgmds 38,00 ellus
oo ST 0550 aash) dolall 3l Lyak sl 136 J3aly Lasle Gad dla ol
S BS80S0 & 53T B8 & (8 o LSy €3] S fpand 8 3S5al) s
? ot s gl 5] SomB @l el Als K55 da ds® ol Ll an b

LS Ly — Lils Lay, — Lo g 53 e il 25 S sall f Lya3ll o0
Logi€l — = 5ual) B0 i 503 3 LS 0l (i sy of (Sl -0 lhm
Bailadl ks aal fey plpdun olodtue GLES L Tagll poly aly — olpius
05Ss o Sl Gad e sunll ae Tyaill el L Ll Glas 4 34T uls
0 OF oSl e ol Sl e;;!u pouall B35 ale Koy Ll Lo 3Lag)

ARYAY



«laswaldly ulr-;ﬁ 22098 dae iy 2;‘9.14 fﬂﬁ 5.54 s By g\gﬂﬂ! &Ls.& N-A K
A alsel Je altae ba 3 ablad 3

Jaall 03 1305 an Lass diwlyay dale 23U Sleh) cSa (Liliagiss B! calagll
SBIS o oS sue e (35 iy Slake Lalall 5us3 4l (LAY asas &
L 45 a3 (San Jae e o yade ilag alasiul 55 (Sall e ol calig ASIY
Jeanlisll vy Bl fo L Lok Jf ol I U ASIY sae slagy slas
oo 53 ladl Jey Aalall e Sans b toy) Lo dissb Jls culs Lo dege
8y AT st (ol sl LAY 5T Slisisall sume amgs il o (s siall LSladl
de Syl 055 @il il Jie obsiSY] 336 o1 pluas wyae sauall s 55
20 e Sany Al Lo dseal ol pe Jaoliill ol 00 850 elis3al Lals
S aLasl J) Juss Lotie i G Gl dalad] J) Juail @il g3 oL oda
Lalle @ suny Lo ) Slasly colpaSIyly oligsall (I alle ge watl sl

AaTul e Gl JAA Laysye sie wlasll st S 55 Jewd oo - sasdl

A%



S sd A3 e Eandl

fisie 5o U L5 o culshll sl wal J¥A e 05isd ol 09ASY YA S8
wsie dob 38 JMA Sa 1] Lgads 28l el o

55 0o pread whae Lisaill ola § uually 4 gisalll et o3 sUL sy Gasa
D380 ool JMA olosll 205 AakiTie o se 3! Jid J1y el ] 350 Lo
Se LY elaol) Jalal e SLash Jgbs e Glasilly acdll Ge alaiie

St alall e olagll plas,) ol Wkl o il 3af Gaas 13)5 .08
3 Blus padl e B O3 o alasll gel 055 daliiie s 8,30
3 L 15] s Gl (3505 0eilall o IS o lashl &ade Ji55 o5l
LS Gililia o U ol Bud CuwliTiy Gl § Lilia oIS g3l Liatgy Sl
e o35 IS0 Yilata s Llady 2 Aalll 51 plis ¥ o n e dolan 301 25
sasis Naains ST s Gatll L st ol o O 0,55 Lodie oS0 Ban
Ol e Ral) gils e DAS 085 50al oSy Bl oo L ke L3 Jadlls
Slaliaily oleli;) e Fus LS 5380, ey lpday (@3 olagll Segans

$

EAN

V-



o Lo il Bud 5S3 o e oy 0 Gudly; anh a3y Aaladl fe US5a3 13

o sl 3uall ol aad (Slall gon Jials) San e Lagie S gon Juals

H? 4 J2 55k ¥ T3aad1 s Hy J 5 olasl) 20l B3e, 135 dagiow pas Juols
I=(H+])*

C_uaﬂ

I=H?+J°+2HJ

0555 o Hy J ) o 135 0nimsll J215 J) Laal ) Loaliadl 5o GL Salls
A1l aid ylaadlly 2edll BB ,um el ols Limse of Ll

Taasall Wil 3 3 olovwa WM&M 3 e Lyats Liad 13l
Csfll YA Gl Sl Lila, Koae pad® dya3 aad Llas olayls Jias)
sin LEN GLESH e Jolb Segles dsal ol) uiy dblall ye ugasll
S o S sae F3] was aa Wy w2l Joluor T aas ol (ol
s saly 585 OIS Losies ZBRAL A paY § wlillll e daliae 15lac] Csiill S
Baddl a5sn Fud Ll Ble @aladh Jo> olillall HLam) 3ud ol @ sidll 5o
O st il NS 055 Losie (Sl dogide anly 08 OIS Losie slll ol
il Gy 2l Al g gand Goluse Jadlls sSs Usadl 3 SlElall a3 ss Gus
sse 3 (3 Brole ool (alh daball § 325 Skl ey rladil
S il IS o Slaelyy Al sda @ Jalall das pla o O PR
10950 8addl a8 (LS Sl 0-‘4\9

I=hL+1
A1l Jolas sy Yy colagll Jie @ J2 Dy H? L a5 [ dus
plaatuly Lgads ol basal Wl o3 fas alls say Show Lo alas e

Base olye zoosll ol Gall L,a3 ci,al dadall gy .obsAIYly ¢ gl
323 ol alagl) Jlis 3 LS sl sgas Glasl dld e pig ceguall aladiuls

VWA



S sd A3 e Eandl

T98=

u_'\sj\i”

«— —
8udh

Loie walill Gudll  Losie aalall 3udl

LS side il NS 50 ol pianll ual o550

(5 s3de LAY 3l

Losie o bsisilly ol J) Laslly saladl usll of Gyl wks ¥-A JSa
U &3, sie ool aha Juols Jiley ¥ Gudll 13a o disider cnll G O 058
Bas o Lagie

) Bl Clatl ehya) sie oS e — Lpawdd Epllly (7SI Zyas
Sl oe el Ay sl cisn) dBlee Solad cusal o) — 8pieall oL
LAl & el eliatlo 5oadl sl pue o dlidlaally ailey . olyols  Busase
oo laale it 31 Ragal) i U &) ] ol Ui R gauil) Jokall 30
ssal) Ui s ULa3 el e 5l UYL Rial) sy A a3
Slgre Giulaill Galad 301 o sll/ sl Lunlsa3) o yae 830 vl Suny 1ilag
3hay S o LSy 8 gb oS oL Lgne Giulaill Gusiel Gl G 5yl
3l @ aiugd Al el Jadid cdsl ola sy olseds be le L J)
30 (Ualal) aiad avas T 4T) o0 ASIYL L Brle Lot gy Lnlall dagll Alulas
Ol Uy 8ol Lg3l s (213 Gusd 23355 a3 L3l il e Gunld ddage @ 251
Lya3 3 0o ugen ady BaadlS Jan3 @2 ol dasll LaeS Jasd @ o ol
by s ling — Bagse SUe Sl plaidl § oIS 3Ly 2 Ga Gus 50 ol

\VY



elaill 3y S 4ak ol )38 3N s (JLaal aleger oF saw -4 JSa
ATV US paly) sl sl elage Jais Labie Jaluss Jlaayl elase ol

Sl ASIY T psusiy ofae Lo OlSe @ (s AS wsmy Lllaial i @2 ol —
13 Gnsions Dla] el fe l) Juss 3l GISIL 5301 (Ko ccpadill J32
M Lo SIS oh Balae 3 paliall (o plow] 5o 1ay () dagall el
Sade arSd] US) &any
pobiud — sle dage 5S35 a8 — ol O L8IS Ugguan pedd Of pulaiad L)
paenS gan JI5 Lo Qo ASIY KU e 5o daslls o ladl 3 ol YA )l
Sodie e ASY IS o witad o alall ey dasl) 40ds (aiload Gaabo o s
anl S Gusas Jslas o SSall s @il aad YA e T asBills s ¥
de oliall Gaill e Juand GG ells Jais loticy Goge dun Jo JS (il
Gadll g Juoad o B0 e ool xis e Ll aa ) Ca ool dalal)
Junnian L1 el e Yo . palin ) lills Uls @ LS Gio cpuil pos (e p3lll
Gl o1 s diwds Gl o Juans JBiug colasl) Uls @ LS Jalal) 3 Je
Loskie JAa Al JK bs aly 0 pASH Lsi a3 dopull clis 7Y G

\VY



S sd A3 e Eandl

Losie 43 W o 1 T i s ASIY L sgds wsantl Eysllas dasll Wglus aclss :0-A JSi
Aagll 5 Y ] Bad 58 ¥ ol — s — GoaS 65 of Lof a0 ol T ) S
Sleadl JMa a5 550 58T Anadall 3 G ASIY alady A1 Lo Sl palaiasd Yy

Jl sy aaly o JY2 e sarw 13aly Gaisll ol oads o aalsiady ol
o B Jue arl cppla Ukl 13 JiSay SaT oo A sans 3l Calasll
ey -olasll ags Fub 9o SLESH Lals feo 50w @) Guill ol iy 7Y
Jore cafl § Ailen Lyas call Lusad 13 cligisally ol Aty dls @ GF S5l
Lo oS! dabiae 2oy ilf paniand a3 JS @ eas 1isly s Blany Cilids
& G oamns 0oAS)] Gill lilan 15 US 51 LS Ll asanll o (sbleis G LK
slaanill ¢l a,aull o 53sall ol a,dill s ASIY padys wosladll sl (e Busly
13 ) daeslio 0 5S3 Y 31 olsall el thailadl o oaBl anl JAA (e ops0e wic
A s Q;LSJP_U oosaill 5o liay . side SAY S T Y4l (2
O5Se oam & Ao ool aal x38 ol sl dlliy plasd! Aglas aubius
oo Ll Zalal Jo gall el wdy oty leadl JM& JEBI Uls & o A
S Galias o e s LeINA oo s ASIY 5g5e Aaad wie (s Ut (pruaally
S Loaill odg) dBles dya3 elyal wicy e A o on@ll G o (b
o o ASIY) a0l G oty B oy Lisanad ol &yle 53T ol
8 Gole Bluwe ol ASIYI el Liay . SLASH Lala ) Jums s soaal 655 ¥

Ve



AU e o GBS e LI A (5535 Lgudd p a3 Liegall Shall 3 lavia
Slasll Lals Jo o585 @i Gl o8 Yy anls o @ 18T GuElll sie Guls
Al sda 3y Jalall 5T ET asay os0 ;,LAL@,J@H;J Lle GilSe o sSaw
LS 13) Ciyas LSt ccns ¥ ol camgide LA OIS 13) Lo olg AUy s Y
S0 3 ra prnsl Sl gy M i) B85 LSislas cro S5 ey o T gl 3
dl ol Laaas 8 all 6 g ASIY) dage J) Sl Jslas Leaiey 43,0300 s salil)
Jtaass -cilaiayl JSy Ledds o olpats Ll Sl ¥ BS 13] L wias prws
anly slue HLIRY LSLLS Je By Pilaiie sl 48 s AN O e Ll
t,alsﬁ/ju:;\ liag (cpadill anl oo ddts of Wl Jlaiat dligs e claial oo
oSy SLES wie sgadl Gas 13a J3 Il Jlaal aiiny QAU G ) e o
Jaiaal) 3 Ldlaiat) us oo s Les aaly GlSe @ 050 (o ASIY) 283 Losie
Sk o 13 Lol Lagia oy ol ST aSTIL (91 g mns — (i ASIY J) vl —

s ASIY o B BT e ipa3 Y Lgddd daalall as ] o]

8,Lgat) ol st
BUd 3 s s (553 Eppatll (e Ay ya3 Baaliie U ey el Lo 50 03 Lo
Jsill pulaiudy Llasalas al slisl Juolss go Wl Lgoladiul (Say ¥ & yall
ARG LIEN Gudtys wolage pe Jalass Wl e B3 z 3l Jolall Gad) 4,a3 o)
aaly B8 Gy o Slealls oF plistul (Say SLASH Lala Jo Guall J) Lads
ki oy paill ol Ll aalilly wby Sl Sleadl of 5o Liias L IS5
siag) 6,950 8T GBI ) LI G on Gl aal UM e e s ASIY ) JsEl)
iy ] guny SLESH 4 Jumy 338N Suime e ASIY il L (Talide d,as
o 0ol @ wualil Glanls b LSy aalal) s Lo L ,aill slolacyl IS
e il (o oo el o o Lols Slea ebad SIS 13] 4T V4710 B (g 0
15 0505 5291 UM n of B UM n e ] Jsll pulatud il (g ASUY
Jsill Zelsiaall 3 Gl Hinnd 0 ASIYI dio S a3 Gl & alay Slga ang o
oo omly o8 e e G ASIY OF e 13l By LAY Ggs B e e )
sool Bl kK (ol pllains poial cplals sleol ligd celly 3ualie a0 oA

\Vo



S sd A3 e Eandl

crenlio s dlia a1 Y] galadial 3 130ie ilaas il a1 dgalasil
Ald Gy ¥y JUL Lo JSis b el3a @ ‘JAL}, &) A alle Caungl i
dalie a¥laial JS5 GLLa U Lty allall o sans &sadll olalae) JS s
B alle e gubidl) alginsS e Jom egd witly oSl sudy dbsk 3R
L3y LA 13e gy ads wlLall anl L3I Je Lyad s Aashie auny of 5o
sie G ASH o e o pwds (S ol e Ll @ el Jals o)
IS el pLall UsASIY oo degane dlan oy 80 C33E Sune <S55
oo Lpans pLad db Jalas .Glas) Lol J) Juss s hde Slas Leie
Aaladl gob oo alg ASIY oda Ly caiass il da ) J) Ll siey (paas
Bye JS anly Sadis 595 & Jelazs LS Ju:a Jataatl tia ST Ms aas
Lo ) ol ¥ Losie hads cadghl Jaas oda oLa¥) uuy«ml By Ol S Jeg
L e aalyll mj s 13aly e Lo o Luadl JS Latass A Lesie Lol cdany
LY o wnly S5 apall Jasug b Aolas dahoes (s g ASIS whaty
Alaaia Labide ¢ Latel Sl olasll oo Lo3a a0 of dage oo i
SIS a3 Jshsns — Bpie Sl ASI 0n on ssbs daly puads Sualiia JSlass
S alasll Ge Bualy Loja lue Lo c¥laiayl olage degans FLita) — dussl)
Sl olll L, pos ccdamll VIl HLgily 1ia uny Nialy Giuda (oS i
SN G I8 ey AN gl ol i 5o g3 paleinsS il Gl § ady
Ogediiu oAy _uuﬁ;sm eotigas Ciladll e waall o] Eus celall seu
leale slaiey) (S @l e u_m Selgall ol cpodie (8 gl SUS slarw pay
13ae u‘ ual;xslul.r_bb«a i ll 3ull) dwlyus wswladly JJ_‘.Ulf..m.‘mé
é Lk Zeaily sl Jlgh (aas pe lgday J2IS 2L olavwall o 1330
Iy o Toul sa Loy Bualall sB3T Lagll Al LLigsl AaS s dam paws
adl] 5 5T s G T o AN Baaline oo Lgad a5 -umaua;mgu
n 53t Lgia IS by L1 Slasmndl G il sae ) JIadl § Sy 4l
o sll 1a Ciigi gy cl] AT Losie Y] R 2t ¥ E glle U e LY
) Sl e L@ﬂds&uwmua;mgmwgut&

A\\A



Sl L ) &N gl GBS G seadian opdll Gulidl Bulaw asa3 Lagys
Aol Lewladl) Limg)l oleiuls o rins Zusll cYalall fe anu3ad e aguils
Js RE ST Zalgilly LI g lall e degane sa 2801 S5IS0e § «anlli
dL,.uS dl oAt lae Juas &3 Glgadl 3ok asl (o DA Jane o9 ASTY d;u
lia £ 935 Jlainl Ol (uladll 3y Gus 13a il Ga LAY CiLlall & gfas
ERCRRTET7 PO VG RPY AU PP SRR RPN P SORPPICeN |
5353 e (La3l & side il MS) Guall 13 p 5850 &8sk e 3ST dlia
e bl (pan) SLaS JSI G ASIY Jymy Jlaial) (San Sua IS Llaial
clasyl G aalaal Lol 13) oSly .JAI5 dlia G5So o5 Ges Wl §sans
Jlain Ligd (0980 e o 1 0o il H) dadlly Sany 3l 5o ALl
S Lo sy (gl allaine eliA) Jans o w3 adse pas Jusls so a5l
sl Al Ligs!
(Sl Y Lglle Lei¥alany dlavany Lty oluslbll oS dac be ol il
s e allall 13U il sy A G olin Guals 4ias Lae Jlgad) C5a35 Euns Loy
Srse e ol llls sls 8,58 ol Ll by Glakils oo (3 lsadl ol (Sl
b 903 L e alle § ol 8L Lsuall IS Sunyl uay U &85
Ll o gishly 3l e pailind jimy dgal] SIS Loie bii Liiia olous
e M il 3adll e waadl aas 5T 33BYI e canall e ualy Baalill dis oo
peadill 138 Jm 555 ok alag Uglae @ Spall Gsualy (nliail agin Gas
Slaals Lgdni g.dl uﬁ\gL;U 29 ¢ o(Jadllh eYslal) sda oels u3y . ’Aﬁﬂ Sl
o8 OalensS pudl daio pae lSY Buas dglae IS 2alSy puldll Jndll @
Bosuo sskiy 28I Sl T Goobll agats cellaiayl sl alle 5, gun ]
WJolSall o 5g8l oaB yuaill ga Busaa) 8, sl 03a Gululy Jaladl allall Sasas
liaaill 3 LI e (&ath o U5 il Lgale oo 8 n] Ll ollia Jiis oS

JalSill aclgd
Tealall wlylaill s il op,Laiiy) 280 S8y Zoball dovethl fias Lo Bole
o) il s sl o psall ouBlsadl) Lwdall (WS Gl (o rall 080 3

\VV



S sd A3 e Eandl

I e st LS aSB I agilaggae Ji Banly galie Ll0 ¢ oy bl
&l dadis Lgsbud 3 335 ¥ Sligead) sda o guw oSy osSIl Lassay 3o
ALl o5 5 seall 3le o Gadsill oS Y poblall 3lilly

R onlginsS s awls Bysne sl W VAYY L sul Gase sl 3
o AL dunadly Ball IS jslae Bllie (o pllall Buny o 230N Yo
Lol il oglaill & Uisls prnsys waladl Lgas Jalasy 31 2801 8,500 Cpas Ao
aa3 ool 2me o unnaall aaialy (@3l OSa3l wllan] fisy oaT Zga 0o
b1 LS LBl (AR Lgad isae g rd Liayy dawally sLadl
ISl Sllan] & BN o1 R IS8l prdigis wanly O & cp) Lipne abaiad
oL psedll 1ia ey Luvadl e o3 ey fai5l e Gl pue Clus e 06S3
3 ool 23 SIS IS Lasliie) (S Yy LSS £l Lol Zyasl
Lok ) £ sl e s Wi OBl G (2305 alia ISy S 13 .o, oI g
s Gt M) Jlall sl Bung e Lgs W 2K

0555 Loy g1 wpdill allall 8,55 o 530 o AS1 S Shaas il alladl e oS,
Unsandl Zpaill sl 3 in aall oy Crail Lp,a3) 53T Dands 0355 Allias
el JYA (e (554! 3‘ OsASIY e, i u‘uSA-‘M-'-“‘- oblue dba ;65 u‘
T OBl Vs 5e0 pusall 0T 6 04088 cllaial dlia o bovensil) Salsss Les oS
o cpallall anl G i Wle Jay Ly Jlainl US o Lop g8l o il ]
M alladl o gadiall STl T Y] B N e SAY G o GBI NS pal)
Ll calaiae gpalle o dnas Lallad Lagenll fo bl sig Gual cddulas
ST sl LB Lty 3¥ pe alle IS Jalits mall LagSlu onilll (S Ll
s3a 3y Y Jlaiayl Baasial LY aaly alle ol §6Ss cavumall dINA oy GBS
oo s Lpaaial Al el Lo pLal sl AP oS5 ol JAIS as g Y Al
Lodic bads angd L;chu:m e]\ﬂ Ll Bl Wil eslS g i 2K ealas
ana i) 2Ll oy 13305 130e Jaiind Sk a3 g Tavanl) JBL 13a JA25 Lgl] s Y
Bagandl Jlusgll s A sl ol hads omdill Zpaty pdaill rallad) Gl
s IS 2348 A Rt o oIl el BIS § 2K Loslin IS Lgad a3l
O ASIY O 5k L eyl g Wl is sae asd S5 daline arws JSI dldiae dusge

\VA



past B 5 ol Jgall cay ¥ oT Ligide o ol GIS 1] Lo alay T sl wie
gn,b dny oan @ liant Fael Gsagis Flad e ciiall g Galgin S S
fegane Luas o Gy desle ol o colioadill olgs agdisdd aa (a3
R cale SUS pluatl 3 Subauy o saiuly divesd) slsadilly dul o J3T (55a1

s Ghaad @l aflall J5a3 Slasy ells JS B)leall Liasdl Jlsally

Shelg

(1) This does make for a delightful coincidence, though. According
to this way of approaching quantum theory, the most important things
are the p’s and q’s of the uncertainty relation. Everyone knows the old ex-
pression “mind your p’s and q’s,” which means “take care”. The expression
probably comes from an admonition to children learning the alphabet, or
to printers’ apprentices working with movable type, to watch out for the
fiddly bits on the tails of these letters (Brewer’s Dictionary of Phrase and
Fable, Cassell, London, 1981), but it could now be taken as the motto of
quantum theory. As far as I know, the choice of these letters in the quan-
tum equations was, however, no more than a coincidence.

(2) The Character of Physical Law, page 130.
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Dlselsa
(1) A. Einstein, B. Podolsky, and N. Rosen, “Can quantummechanical
description of physical reality be considered complete?” Physical Review,
volume 47, pp. 777-780, 1935. The paper is among those reprinted in the
volume Physical Reality, edited by S. Toulmin, Harper & Row, 1970.

(2) Quoted by Pais, page 456.

(3) This is, of course, a great simplification. We should imagine the
electron pair actually exchanging many photons as they interact. In the
same way, in what follows I refer to “a photon” creating a positron/electron
pair, where in reality we would be dealing with more than one photon,
perhaps a pair of colliding gamma rays or an even more complex situation.

(4) These ideas are discussed in more detail, but in clear, non - math-
ematical language, in Chapter 6 of Jayant Narlikar’'s The Structure of the
Universe, Oxford University Press, 1977. Paul Davies’s Space and Time in
the Modern Universe (Cambridge University Press, 1977) goes into even
more detail, and some of the maths can be found in The Ultimate Fate of
the Universe, by J. N. Islam (Cambridge University Press, 1983).

(5) Quote, based on Wheeler’s explanation of his vision, from Banesh
Hoffmann’s The Strange Story of the Quantum (Pelican edition, 1963, page
217).

(6) Feynman really went much further than I have indicated in this
simple exposition and did develop a treatment of world lines including
probabilities, thereby producing a new version of quantum mechanics that
was soon shown, by Freeman Dyson, to be exactly equivalent to the original
versions of the theory in its results, but has since proved a much more
powerful mathematical tool. More of this later.

(7) The implications of relativity theory for our understanding of the
universe and the implications for time travel, are covered in more detail in

my book Time Travel for Beginners (Hodder, London, 2008).
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(8) I tried this on a few children and adults, separately. About half the
children spotted the trick, but very few of the adults. Those who didn’t spot
it complained of cheating; the fact is, according to Einstein’s equations,
nature herself is not above this kind of cheating.

(9) In fact, Yukawa made his calculations the other way around. He
knew the range of the strong nuclear force, and this enabled him to set
limits on the uncertainty of time involved in the nucleon interactions. That
in turn gave him a rough idea of the energy, or mass, of the particles that
carry (or mediate) the interaction.

(10) See, for example, letters 16—18 in Schrodinger’s Letters on Wave
Mechanics.

(11) He was born in 1911 and was just the right age to receive the
full impact of the discoveries of the 1920s. Later generations have been all
too willing to accept quantum theory as the received wisdom and use the
quantum cookbook as the accepted rules of the game; to the older gen-
eration, relief that a consistent theory had been found, together with the
natural effects of increasing age, reduced the pioneering drive. Wheeler’s
and Feynman's generation was inevitably the one that suffered the most
soul searching about the meaning of it all, together with Einstein who, as

usual, was an exception.
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(1) J. S. Bell, Physics, volume 1, page 195, 1964.

(2) In this example I am following the very clear and detailed descrip-
tion of the Bell experiment by Bernard d’Espagnat in “The Quantum The-
ory and Reality”, Scientific American Offprint, number 3066. My version is,
however, highly simplified and d’Espagnat’s article includes much more
detail.

(3) Perhaps you think the uncertainty ought to be h? It is. The funda-
mental unit of spinis 1/2 h as Dirac established, and this is what we mean

by the shorthand “+1 unit of spin”. The difference between +1 unit and
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—1 unit is the difference between plus and minus 1/2 hwhich, of course, is
just h. But in the experiments discussed here, the only thing that matters
is the direction of the spin.

(4) Even here we get a scent of the kind of problems that puzzled Bohr
for so long. The only real things are the results of our experiments, and
the way we make measurements influences what we measure. As we can
see here, in the 1980s, physicists were using as an everyday tool of their
trade a laser beam whose job is simply to pump atoms into an excited
state. We can only use this tool because we know about excited states and
have the quantum cookbook to hand, but the whole purpose of our ex-
periment is to verify the accuracy of quantum mechanics, the theory we
used to write the quantum cookbook! I'm not suggesting that experiments
are therefore wrong. We can imagine other ways to excite atoms before we
make the measurements, and other versions of the experiment do give the
same result. But just as the everyday conceptions of previous generations
of physicists were coloured by their use of, say, spring balances and metre
rules, so the present generation is affected, far more than it sometimes
realizes, by the quantum tools of the trade.

Philosophers may care to take up the question of what the results of
the Bell experiment really mean if we are using quantum processes in or-
der to set up the experiment. I am happy to stick with Bohr — what we see
is what we get; nothing else is real.

(5) Physical Review Letters, volume 49, page 1804.

(6) The Physicist’s Conception of Nature, ed. J. Mehra, page 734.

(7) In the Guardian, 6 January, 1983. While I was preparing this chap-
ter for the printer, news of a similar development along these lines came
from the Bell Laboratories, where researchers are using Josephson junction

technology to develop new, fast “switches” for computer circuitry. These
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switches use only “conventional” Josephson junctions, and can already op-
erate ten times faster than standard computer circuitry. That development
is likely to continue to make headlines, and achieve practical applications,
in the near future. But don’t be confused—the developments Clark is talk-
ing about are more remote, and may not be applied before the end of this

century, but are potentially a far greater leap forward.
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(1) Volume 29, page 454.

(2) Volume 29, page 463.

(3) Op. cit., page 464.

(4) Volume 23, number 9 (September 1979), page 30.

(5) General relativity is a theory that describes closed systems, and
Einstein originally envisaged the universe as a closed, finite system. Al-
though people talk about open, infinite universes, strictly speaking such
descriptions are not properly covered by relativity theory. The way for our
universe to be closed is if it contains enough matter for gravity to bend
space-time around on itself, like the bending of space-time around a black
hole. That needs more matter than we can see in the visible galaxies, but
most observations of the dynamics of the universe suggest that it is in fact
in a state very close to being closed — either “just closed” or “just open”.
In that case, there is no observational justification for rejecting the funda-
mental relativistic implications that the universe is closed and finite, and
there is every reason to seek the dark matter that holds it together grav-
itationally. Some of the basis for these ideas can be found in Wheeler’s

contribution to Some Strangeness in the Proportion.
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(6) Some Strangeness in the Proportion, ed. Harry Woolf, pp. 385—-386.

(7) All these ideas are discussed in my book, In Search of the Big Bang
(Penguin, London, 1998).

(8) While this book was making its way to press, [ wrote a short story,
“Perpendicular Worlds”, for Analog, that uses this theme.

(9) There is another element here that is worth emphasizing. Even
if time travel is theoretically possible, there may be insuperable practical
difficulties to prevent us from sending material objects through time. But
sending messages through time could be a relatively simple matter if we
can find a way to make use of the particles that travel backward in time in
Feynman'’s interpretation of reality.

(10) I have discussed the anthropic principle briefly in my book, In
Search of the Multiverse (Penguin, London, 2010); more details can be found
in The Accidental Universe, by Paul Davies.

(11) The Philosophy of Quantum Mechanics, page 517.

(12) Quoted by, for example, Robert Wilson, The Universe Next Door,
page 156.
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(1) Directions in Physics, Chapter Two. Dirac is not alone in his con-
cern; Banesh Hoffmann, in The Strange Story of the Quantum, page 213,
describes renormalization as leading physics into a culde- sac. “The auda-
cious juggling with infinities is extraordinarily brilliant. But its brilliance
seems to illuminate a blind alley.”

(2) If you really want to know, the Planck length is given by the square
root of Gh/c® and the Planck time is the square root of Gi/c>.

(3) For example, see Wheeler’s contribution to Mehra’s The Physicist’s
Conception of Nature.

(4) This borrows heavily from the approach used by Paul Davies in his

book The Forces of Nature, Cambridge University Press, 1979.
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(5) The W* and W~ can also be considered, of course, as one particle
and its antiparticle, like the electron (e-) and the positron (e*). In case you
aren’t confused enough, the W also has another name, the intermediate
vector boson.

(6) Quoted in Science, 29 April 1983, volume 220, page 491.

(7) Nature, volume 232, page 440, 1971.

(8) Nature, volume 246, page 396, 1973.

(9) The Character of Physical Law, page 171.
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(1) Paul Davies and Julian Brown (editors), The Ghost in the Atom, Cam-

bridge University Press, 1986.
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A. d’Abro, The Rise of the New Physics, volume two, Dover, New York, 1951

(original edition 1939).
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Kenneth Atkins, Physics—Once Over—Lightly, Wiley, New York, 1972.
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Ted Bastin (editor), Quantum Theory and Beyond, Cambridge University

Press, New York, 1971.
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Max Born, The Restless Universe, Dover, New York, 1951.
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Max Born, The Born-Einstein Letters, Macmillan, London, 1971
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Louis de Broglie, Matter and Light, Norton, New York, 1939 (translation of
French edition published in 1937; also available as a Dover paperback).
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Louis de Broglie, The Revolution in Physics, Greenwood Press, New York,
1969.
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Fritjof Capra, The Tao of Physics, Bantam, New York, 1980.
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Jeremy Cherfas, Man Made Life, Blackwell, Oxford, 1982.
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Barbara Lovett Cline, The Questioners, Crowell, New York, 1965.
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Francis Crick, Life Itself, Simon & Schuster, New York, 1982.
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Paul Davies, The Accidental Universe, Cambridge University Press, New

York, 1982.
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Bryce DeWitt and Neill Graham (editors), The Many-Worlds Interpretation
of Quantum Mechanics, Princeton University Press, 1973.
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Paul Dirac, The Principles of Quantum Mechanics, Oxford University Press,
New York, 1982.
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Paul Dirac, Directions in Physics, Wiley, New York and London, 1978.
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Sir Arthur Eddington, The Nature of the Physical World, Folcroft Library

Editions, Folcroft, Pennsylvania, 1935.
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Sir Arthur Eddington, Science and the Unseen World, Folcroft Library Edi-

tions, Folcroft, Pennsylvania, 1979.
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Sir Arthur Eddington, New Pathways in Science, Cambridge University
Press, 1935.
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Sir Arthur Eddington, The Philosophy of Physical Science, University of
Michigan Press, Ann Arbor, 1958 (original edition Cambridge Univer-
sity Press, 1938).
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Leonard Eisenbud, The Conceptual Foundations of Quantum Mechanics,
Van Nostrand Reinhold, New York, 1971.
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Richard Feynman, The Character of Physical Law, MIT Press, Cambridge,
1967.
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Richard Feynman, Robert Leighton, and Matthew Sands, The Feynman
Lectures on Physics, Volume III, Addison-Wesley, Reading, Mas-
sachusetts, 1981.
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George Gamow, The Atom and Its Nucleus, Prentice-Hall, New Jersey, 1961.
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Maurice Goldsmith, Alan Mackay, and James Woudhuysen (editors),
Einstein: The First Hundred Years, Pergamon, Elmsford, New York,
1980.
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John Gribbin, In Search of the Double Helix, Penguin, London, 1995.
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John Gribbin, Schrodinger’s Kittens, Phoenix, London, 1996.
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John Gribbin, In Search of the Big Bang, Penguin, London, 1998.
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John Gribbin, In Search of the Multiverse, Penguin, London, 2010.
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John Gribbin, In Search of Schrodinger’s Cat, Transworld, London, 2012.
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John Gribbin and Jeremy Cherfas, The First Chimpanzee, Penguin, London,
2001.
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Mary and John Gribbin, Time Travel for Beginners, Hodder, London, 2008.

Niels Heathcote, Nobel Prize Winners in Physics 1901-1950, Henry Schu-
man, Inc., 1953 (reprinted 1971, by Books for Libraries Press, Freeport,
New York).
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Werner Heisenberg, Physics and Philosophy, Harper & Row, 1959.
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Werner Heisenberg, The Physicist’s Conception of Nature, Greenwood Press,

Westport, Connecticut, 1970 (Harcourt Brace edition published 1958).
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Werner Heisenberg, Physics and Beyond, Harper & Row, New York, and
Allen & Unwin, London, 1971.
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Banesh Hoffmann, The Strange Story of the Quantum, Peter Smith, Mag-
nolia, Massachusetts, 1963 (original edition published 1947).
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Ernest Ikenberry, Quantum Mechanics, Oxford University Press, London,
1962.
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Max Jammer, The Conceptual Development of Quantum Mechanics,
McGraw-Hill, New York, 1966.
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Max Jammer, The Philosophy of Quantum Mechanics, Wiley, New York and
London, 1974.
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Pascual Jordan, Physics of the 20th Century, Philosophical Library, New
York, 1944.
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Horace Judson, The Eighth Day of Creation, Simon & Schuster, 1982.
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Jagdish Mehra (editor), The Physicist’s Conception of Nature, Kluwer,
Boston, 1973.
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Jagdish Mehra and Helmut Rechenberg, The Historical Development of
Quantum Theory, Springer- Verlag, New York, 1982.
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Abraham Pais, Subtle Is the Lord ..., Oxford University Press, London and
New York, 1982.
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Heinz Pagels, The Cosmic Code, Simon & Schuster, New York, 1982.
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Jay M. Pasachoff and Marc L. Kutner, Invitation to Physics, W. W. Norton,
New York and London, 1981.
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Max Planck, The Philosophy of Physics, W. W. Norton, New York, 1963 (orig-
inal edition 1936).
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Erwin Schrodinger, Collected Papers on Wave Mechanics, Chelsea Publish-
ing Company, New York, 1978
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Erwin Schrodinger, What Is Life?, Cambridge University Press, New York,
1967 (original edition 1944; this edition combined in one volume with
Mind and Matter, originally published 1958).
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Erwin Schrodinger, Science, Theory and Man, Dover Publications/Allen &
Unwin, London 1957 (original edition 1935).
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Erwin Schrodinger, Letters on Wave Mechanics, Philosophical Library, New
York, 1967.
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John Slater, Modern Physics, McGraw-Hill, New York, 1955.
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J. Gordon Stipe, The Development of Physical Theories, McGraw-Hill, New
York, 1967.
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B. L. van der Waerden (editor), Sources of Quantum Mechanics, Peter Smith,
Magnolia, Massachusetts, 1967.
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Harry Woolf (editor), Some Strangeness in the Proportion, Addison-Wesley,
Reading, Massachusetts, 1980.
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Gary Zukav, The Dancing Wu Li Masters, Bantam, New York, 1980.
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Gregory Benford, Timescape, Pocket Books, New York, 1981.
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Philip Dick, The Man in the High Castle, Gregg Press, Boston, 1979.
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Randall Garrett, Too Many Magicians, Ace Books, New York, 1981.
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David Gerrold, The Man Who Folded Himself, Amereon, Ltd., Mattituck, New
York, 1973.
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John Gribbin, Timeswitch, PS Publishing, Hornsea, 2009.
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Keith Roberts, Pavane, Hart-Davies, London, 1968 (paperback Panther).
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Jack Williamson, The Legion of Time, Sphere, London, 1977.
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Robert Anton Wilson, the Schriodinger’s Cat trilogy (The Universe Next
Door, The Trick Top Hat, The Homing Pigeons), all published by Pocket
Books, New York, 1982.
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