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1 wxt,oiiprl ,xvw :mihpeewd zxezwiie
n
zelaw 1.1zevxdl zeknq a`ey ip` mdny zexewnd z` bivdl ,zepin`d ornl ,o`k ul`p ip`.mihpeewd zxez ipiipra-iqxaipe`a dwifita ily hxehwe
d meiq jildza ip` dl` zexey zaizk zra,aia`-lz zhiqxaipe`n izlaiw dwifita ily oey`xd x`ezd z` .1aia`-lz zhmiipye oey`x x`eza miipy) mihpeewd zxez lr miqxew drax` iz
nl .zepiihvda100-e (oey`x x`eza) 80 ,94 md ily mipeivde ,izeri
i lr izpgap ,(hxehwe
d jldna.hxehwe
a 100 
ere
"qyzn ,mipy 6 jyna "1 mihpeew" qxewd ly lbxznk izyniy ,miqxewl xarndz` xy`ky oaenk .2dhiqxaipe`d ly zeryd zkxrn xz` 
iri jk lre .h"qyz 
rezel`yl zeprl lbeqn zeidl jilry meyn ,xzei daxd ea winrn dz` ,`yep 
nln mb.zeywe zewenr zel`y mizirl ody ,mi
inlzd.wqrl eiykre .zelaw il yi ,xeviwadn
wd 1.2."mihpeewd zxez" dl mi`xew mb mizirly ,"mihpeewd zwipkn"a o`k weqrp ep`dl` oian .agxd ldwl mihpeewd zwipkn z` bivdl oeiqpa eazkp miax mixtq"gexnl" `le ,xewnl dpn`p dbvd zzl dqip zn`ay 
g` xtq wx yi ,iz`xw ip`y,laepd-qxt ozg i`wifitd ly extq edfe ,miihqhpt mihtyn ipin lka `xewd z`,ely dyibd lr qqazdl dqp` ip` ."xnege xe` ly dxfend dixe`zd" onpiit 
x'vix.ipy-x`ez lr bl
ny ,hxehwe
l xiyid lelqna1
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dn
wd .1.2wiie
n ,oiiprl ,xvw :mihpeewd zxez .1 wxt,deezd `edy jx
dn hrn dhq` ik m` ,xae
n zn`a dna `xewl xidadl i
k.miniieqn miihnzn mibyen xidadl ywan ip`y meynoin ynyl xwira ezxhne ,yaie xvw didi mihpeewd zwipkn ly ily xe`izddxiwq o`k didz `l .`xewd ly enler l` mi`wifitd ly mnlern mbxzny "oelin"dl` z` .efd dixe`izd ly zeipktdnd zeiernynd ly e` ,dixehqidd ly dwinrnwiie
n xe`iz df my oi`y o`k yiy dn .zixletetd zextqa rtya `evnl leki `xewd.miyer zn`a mi`wifity dn ly xzei ipx
ene ,xzeily dxfend dixe`zd" ,onpiit ly xtqd ly eny lr akrzdl daeh zepn
fd mb efzynyn "dixe`iz" agxd xeaiva ."dixe`iz" dlina dpeekd dn xidadle ,"xnege xe`-xe`iz" r
na .i
n xzei eilr jnzqdl oi`y dn-xa
 xnelk ,"dixe`iz wx df" iehiaa."zir
n dixe`iz" iehiad ly xeviwk ,dpey ote`a zynyn "dizir
n dixe`iz 1.2.1jx
a ,millke zepexwr ly sqe` `id zir
n dixe`iz ?"zir
n dixe`iz" idn ,okaezniiwn daeh zir
n dixe`iz .3rahd bdpzn dxe`kl mditly ,ze`eeyn zxeva llk:ze`ad zepekzd z`.ze
aer ly 
e`n le
b xtqn dxiaqn `id .1il xexa f` ,dpekpk dixe`izd z` lawn ip` m`y ,`id o`k "xaqd"a dpeekdre
n xiaqdl dleki oeheip ly dwipknd ,lynl .ody itk od ze
aerd dnl`l qehn re
n ,z
p
pzn `id eay ote`a wei
a 
vl 
vn z
p
pzn zlhehn.ileke ,`ed s` aaezqn ux`d-xe
k ly aeaiqd xiv re
n ,ltepieqipa ieaipd z` we
al xyt` didiy jk ,zey
g ze
aer `apl zlbeqn `id .2.zeitvza e`y`xn aygl ozip ,ely divhiaxbd zeixe`ize oeheip ly dwipknd it lr ,lynldf) zeaexwd mipyd xyra dngd iiewil lk ly mewnde wiie
nd onfd z`ef) dng iewil did xa
 ly eteqa zn`a m`d meyxl ozip ok enke ,(ieaipd.(dwi
ad.zeitvz e` ieqip i"r dze` jixtdl zipexwr ozip .3-ietvd dngd iiewil ly mihxtd z` miaygn m` :zn
ewd `nbe
d mr jiynpixd ,xa
 ly eteqa dng iewil oi` dw
 dze` jynae ,dw
 ly wei
 znxa mi-nyn seb xahvi m` .dpekp `l oeheip ly dixe`izdy e` ,aeyiga epirhy e`ye` oeheip ly dixe`izd z` biiqln qepn did `l ,dfd beqdn zei`x ly izer.dze` gepfl elit`,mixa
 "giken"y edynk r
nd z` miqtez llk jx
ay r
ei ip` .tehq ,iiwe`miweqir oial r
nd oia l
add :wiie
n `l df .eze` jixtdl ozipy edynk `le,aygn ,qehn ,ogleyl mb `l` mipa`e mivrl wx o`k dpeekd `l xnelk .epiaiaqy dn lk `ed "rahd"3.aiaqn yiy dn lka wqer dwifitd r
n .m
`-oa2



dn
wd .1.2wiie
n ,oiiprl ,xvw :mihpeewd zxez .1 wxtefi` 
r r
ei 
inz `ed la` ,miniieqn mixa
 "r
ei" mpn` r
ndy `ed mixg`z`apn oeheip ly dwipkndy mir
ei ep` xnelk ,mze` r
ei `ed wei
 ly dnxxak `id ile` ,diipy zixiyr ly wei
a .dw
 ly wei
a dng iiewil dglvdaozip `l dyrnl ,
izra didi dn mir
ei `l ep`y xg`n .d
eard z` dyer `l.zhlgen zihnzn dgked ly oaena ,xa
 mey zir
n "gikedl"dixe`izy r
p `l mlerly zexnly epl zxne` `id .
e`n daeyg z`f d
ewpdzir
nd zen
wzdd !dreh `idy zr
l zegtl xyt`y ixd ,"zw
ev" zir
n,zey
g zeixe`iz znwde ,xara oda epn`dy zeierh lehia `id dax d
inaedyn z`xwl min
wzn ep`y mieewn ep` ef jx
a .d`ad zerhd dlbzzy 
r.oekpzewifgn oday zeaehde ,zekxtene zelren zeixe`iz .mipy m
wzd r
nd ef dxevazxaev dixe`iz ,zipeheipd dwipknd ly dxwna enk lynl ,m` .zellkzyne 
nrn-izn ep`e ,wfgzn da eply oen`d ,ax onf jyna ,miieaipe mixaqda zexiak zeglvd.dzr zrl ,"dpekp"k oiipre jxev lkl ,dil` miqgizeixe`iz mby ,oeiqipdn mbe zipexwr mb ,mir
ei xak ep`y oeeikn ,dzr zrlzeaiqpa odly miieaipd z` ew
ai xy`k ,zekxten zeidl 
g` mei zelelr zepievnik m` ,oekp `edy ze`
eea migeha eppi`y xa
 `id zir
n dixe`iz okl .zey
gz` egiked od m` ,oen` ly 
e`n deab 
nrnl zekfl zeleki zeniieqn zeixe`iz.onvrxg`l mb daiaqa zex`yp ,(zipeheipd dwipknd oebk) dl`ky zeaeh zeixe`izzeaiqp daxda j` ,zwiie
n dppi` mpn` zipeheipd dwipknd - zeiwlg ody dlbzpy`id zir
n dixe`iz .da ynzydl mikiynn ep`y ,zn`l daexw jk i
k 
r `idzlbeqn oeheip ly "dixe`iz wx"d j` ,oqeg-mlerl-`ly oaena ,"dixe`iz wx" mpn`la` ,dfn ueg mixa
 daxd zeyrl 
ere) mid
n wei
a ,y`xn mipy dng iiewil `apl,ihnzn/iteqelit oaena ze`
ee r
na oi`y zexnl ,xnelk .(rbxk eply `yepd `l dfdn iabl zhlgen hrnk ze`
ee yi ok enke ,iyrnd oaena 
e`n ddeab ze`
ee ea yi.oekp `l-ixlelq mipetlh ,oeliq iqehn oebk) dibelepkhde r
nd ibyid :oiivl daeg z`f mrribdy iyep` weqir 
er oi`e ,miwgy iriwxn md ,minid
n md (ileke mipbfn ,mi.jk lk wegxzehiy oebk "zepekpd" xzkl zeprehy daiyg zehiyn dpey r
nd dnk 
r al eniyzn` el oi`y dxexa dxkd jezn ,envr jeza zeierh ytgn r
nd :zeiz
 e` zeihqin.m
wzn `ed jke ,zhlgenzipeheip dwipkn 1.2.2r
nd `ed "dwipkn" .zipeheipd dwipknd mr rbxl jiynp dad ,mihpeewl ribpy iptlzeaiqd dn ,drepz wiie
n ote`a x`zl ozip 
vik :miteb ly mzrepza wqeryzerepzd lk z` aikxdl ozip odny zerepz ly mi
gein mibeq yi m`d ,drepzl.'eke ,zexg`d3



dn
wd .1.2wiie
n ,oiiprl ,xvw :mihpeewd zxez .1 wxtdglvd oeheip ly dwipknd dgilvd ,20-d d`nd zligz 
re 17-d d`nd f`nzexidn efi` zr
l epl zxyt`n `id meid mb .dl`d zel`yd oexzta zxxgqnoeekl yi zieef efi`a ,z`yl leki xyb qner dfi` ,lelqna x`yiy i
k oieell wiprdl.d`ld oke zniieqn dxhna rebtl i
k gzezly `nbe
d lr eayg ,okae ?df lk z` zxyt`n dwipknd 
vik ?
aer df ji`z` ze`eeynd jezl miaivn xy`k .ze`eeyn yely dyrnl md oeheip-iweg .oieeldze`eeynd z` xeztl xyt` ,(ux`d xe
k iptn jke-jk wgxn) oieeld ly zeaiqpd.leti `ly i
k el zzl yiy zexidnd xearzexidnde mewind lr mipezp epl yi m` ,epl mixyt`n oeheip iweg illk ote`arbx lka el didz zexidn efi`e didi `ed okid wei
a zr
l ,miieqn seb ly miigkepdlelqnl qpki mpn` oieeldy y`xn zr
le ,dng iiewil zefgl ozip ef dxeva .
izra.leti `lezihpeew dwipkn 1.2.3zwiie
ne dpekpl daygp ,("ziq`lw" dl `xwp mby) zipeheipd dwipknd ,izpiivy itk,dxtzydy dibelepkhd ,okae ?20-d d`nd zligza dxw dn .20-d d`nd zligz 
r
er 1900-a dyrnl .mineh` ly d
in dpwa miieqipl dyib mipr
nl zzl dligzdzpaen zn`k aygp meidy dn) mineh` yi zn`a llkay mipr
nd migeha eid `l.(hrnk dnvrn,zihpeewd dwipknd zegztzd ly dixehqidd lk z` `iadl o`k dvex ippi`or
nd ly minqxetnd miieqipd xg`l 
geina ,dligza .ze
ewp dnka wx wtzq`eenvr akxend ,ohw wiwlgk meh`d ly l
en lawzd ,
xetx'zx hqpx` ilbp`d,dxe`kl .eze` miaaeqy miilily mipexhwl` swend iaeig ilnyg orhn mr oirxbn.mipexhwl`e oirxb - miwiwlgn ieyr meh`d eay ipkn l
enf` dzidy dwipknd zxfra mineh` ly zepekz ipin lk oiadl eqip xy`ky `l`dn mr eayizd `l dixe`izd ly zeifgzd ,oeheip ly ziq`lwd dwipknd - dre
ijxev yiy xazqd jke ,zei`x ly witqn le
b seb xahvd dxdn 
r .miieqipa dtvpy.oeheip ly ezxezl mipewizajezn oiadl xyt` did miieqipdn wlg z`y ,dzid zexfend zertezd zg`.(ei
x ilb e` ,min ilbl dne
a) milb zrepz ly ,onf eze`a dzidy zxg` dixe`iz-pena mze` oiadl jxev xvep ,milb ly dixe`iz zxfra xara epaedy mixa
 ,liawnaz` dbdy ,oiihypii` ly dle
bd eznexz ef) miy
gd miieqipdn wlga miwiwlg igelkez "wiwlg lb zeil`e
" `xwpy dfd `yepd lr .(xe` wiwlg - oehetd ly oeirxdmeyn ,ea aigxdl izpeeka oi`e ,mihpeewd zxez lr ixletet xtq lka r
in `evnldribd mihpeewd zwipkny rbxn ,epnf xary oeirx `id "zeil`e
"d ,xa
 ly eteqayw`xi
 let ,le
bd ilbp`d i`wifitd ly aeygd extq meqxt mr 1930-a zelyal."mihpeewd zwipkn zepexwr" ,(Dirac)
r :miaeyg miwlg ipyl ok m` zwlgzn mihpeewd zwipkn ly dixehqiddmeidy dn ly 
e`n ziwlg dglvde ,dkean ly dtewz dzid ,1920-d zepy idlymd dly ze
eqid igipny ,(old quantum theory) ,"dpyid mihpeewd zxez" `xwp4



mipr
n-`ll mihpeewd zxez .1.3wiie
n ,oiiprl ,xvw :mihpeewd zxez .1 wxt,dly xzeia hlead 
qiind mr `iyl dribd `ide ,oiihypii` hxal`e wplt qwnepiid
 ,"wiwlg/lb zeil`e
" ly dtwydd dhly ef dtewza .xdea qlip ip
d or
nd.ji` wei
a xexa `l ik m` ,lb ly beq mbe wiwlg mb edyki` `ed xnegdyzxez dyrnl `idy ,"dy
gd mihpeewd zwipkn" dgztzd 1920-d zepy idlyadwif mr oii
r) xbpi
xy md mipey`xd digztne ,meid mixikn ep`y mihpeewd,w`xi
 let `ed dly iaihnhle`d gqpnde (xzei zn
wzn dyib mr) bxapfiid ,(milbl.ep` epini 
r dixe`zd ly zihnznd dxevd z` aviryxiaqdl ,oiadl mipr
nd egilvd dzxfrae ,
e`n dgilvd efd mihpeewd zwipknmiwiwlgde mineh`d zklnna ygxzny dnl zexeywd zertez ly xi
` oeebn `aplezeivw`ix ,mixfiil ,zeiaihw`-ei
x zeiewxtzd ,mixneg ly zepekz :miineh`-zzd.d`ld oke ,ynyd ly dkez jeza zeipirxbzeidl mixen`y migpenl w`xi
 let ly geqipd z` mbxz` ip` `ad wlgaz`f biv` day jx
dy jkl r
en ip` .oiadl un`zdle `exwl okeny 
g` lkl mipaendhiqxaipe`a mi
nely dn df .dzin`l zn`d ef la` ,
xeqa` elit`e xfen d`xizz` mipian ep` dzxfraye ,meik epi
ia yiy xzeia daehd dixe`izd efe ,miqxewa.rahd ly 
eqid iwiwlg ly mzebdpzdzeilbzd zg` .zixehqid `id daiqd ?"mihpeew" dfl mi`xew re
n ,ab` jx
mipexhwl`l dibxp` xiarn xe`dy dzid efd dixe`izd gezitl dliaedy zepey`xd,(quantum) "mehpeew" ly miaxd dfy ,(quanta) "dhpeew" dpik oiihypii`y "zepn"adgztzd dixe`izd f`ny zexnl ,x`yp heyt dfd myd ."zenk" heyt eyexity.daxda dllkzydemipr
n-`ll mihpeewd zxez 1.3mdy itk mihpeewd zwipkn zepexwr ly rlewe xvw mekiq zzl `id o`k izxhnly zexfende zepiiprnd zeklydd lka oe
l jled ippi` .mipr
n i
i-lr minyein`id o`k izxhn .mdil` eliaedy milewiyd z` xiaqdl jled ippi`e ,dl`d miwegd.izleki ahink ,mdy itk mze` bivdl wxzeixwn 1.3.1xnelk ,miteb ly mzrepz z` ax wei
a aygl mileki ep` zipeheip dwipknay epxn``id zelkzqdd ,zihpeewd dwipkna .onfd ly divwpetk mzexidne mnewin z`-ny ,lkin jeza zxter yeb miny epgp` :dfk `ed eply ieqipdy ,lynl gipp .dpeyly oxwa zxterd z` mivivtn eiykre ,mipeeikd lka mipexhwl`-i`lb aiaqn mijxrna mihlwpe mipeeikd lkl epnn mixftzne ,zxterd yeba mirbetd ,mipexhwl`. (1.1 xei` d`x) eply mi`lbdlkep ,miieqn oexhwl` ly mipezpd z` epl eidi m`y `id zipeheipd dtwydd-l`d i`lb dfi`l zxterl oexhwl`d oia milretd zegekd lr eply r
id jezn ayglavn eze` wei
a mr mipexhwl` ipy elit`ye ,avnd `l dfy xazqn .ribi oexhwiekiqd z` aygl epl zxyt`n mihpeewd zxez .mipey mi`lbl ribdl mileki izlgzd5



mipr
n-`ll mihpeewd zxez .1.3wiie
n ,oiiprl ,xvw :mihpeewd zxez .1 wxt
C

A

B

mipeeikd lkl zxftzn ,B zxter yeba zrbet C mipexhwl` znel` :1.1 xei`.A mi`lb jxrna zhlwpemipin`n meidl oekpe) zlbeqn dpi` `id j` ,miieqn i`lbl ribdl oexhwl` lk ly.lreta ribi `ed i`lb dfi`l y`xn zr
l (ixyt` izla dfyaygl ozip .zere
i zeaiqpd m` elit` dxwi dn ze`
eea zr
l ozip `l :1 weg •.lkd df ,rxe`ne rxe`n lkl iekiqd z`daxd miwxef :
e`n heyt ?mihpeewd zxez ly miieapd z` miw
ea 
vik jk m`df svtvn i`lby mrt lka ,zxterd lr (mlera mipexhwl` mixqg `le) mipexhwl`,zihqihhq mipezpd z` mi
arne ,ieqipd z` mixver dn onf xg`le ,aygna myxpdpigan .d

npy ef ok` `id z`apn mihpeewd zxezy dwihqihhqd m`d mi`exemileki ep`y epayg day ,zipeheipd d
nrdn dwifitd ly dbiqpa xae
n ,znieqn.avnd df ,dbiqp `l e` dbiqp ef m` oia .miiekiq wx `le ,ygxzi zn`a dn aygldre
i efd zeixwnd ly dwihqihhqd j` ,ixwn `ed lreta dxewy dn ,xeviwadwihqihhqd z` mid
n wei
a z`apn mihpeewd zxez ,zipeiqp dpigan .y`xn.efdmiakexn mixtqn 1.3.2jxevl .xa
 lkl iekiqd z` miaygn mi`wifitd 
vik xiaqdl dvex ip` `ad wlgailkd .mda miynzyn mdy miiaeyigd milkd z` bivdl lk m
ew jixv ip` jk,miakexn mixtqn mdn oiadl i
k ."miakexn mixtqn" `xwpy dn `ed xzeia aeygdmixtqn mb yi .ileke 0.5, 1, 3.5 . . . :lynl ,mixikn ep`y milibxd mixtqndn ligzp,ahid epl xkeny edyna hiap dgizt z
ewp xeza .ileke −4,−1.5,−0.2 ,miilily:mixtqnd xiv
-3 -2 -1 0 1 2 3

6



mipr
n-`ll mihpeewd zxez .1.3wiie
n ,oiiprl ,xvw :mihpeewd zxez .1 wxtxtqnd) zirvn`d d
ewpdn `veiy ,ug xeza xtqn lk lr aeygl eqpz ,eiykr,iaeig xtqn df m` dpini `ed ely oeeikde ,bviin ugd eze`y xtqnl deey ekxe`e (0:mixtqn dnk dpd .ilily xtqn df m` dl`nye
0

3
-2

1

:jk bviin `ed xtqn dfi` il 
ibdl mileki mz` ug mkl ozep ip` m` :al eniyxnelk ,iaeig xtqn) dpini ug df m` ehiad ,zipy ,(3 gipp) ekxe` z` e

n ,ziy`x.xtqn ly on`p bevi `ed ugy jkn `vei .(−3 xnelk ,ilily xtqn) dl`ny e` (3zeidl wx `l mdl xzeny `l` ,dl`d mivigd enk md miakexn mixtqn ,eiykrxexa `l 
ery dn) miakexn mixtqn dnk dpd .mipeeikd lka `l` ,dl`ny e` dpini:(
ala miviga ehiad miizpia ,
in xdazi
0

3

i−2 + i

df lr aeygl xyt`) zifkxnd d
ewpd `edy ,0 xtqnd xei`a miriten ok m`mixtqnd ,ab` jx
 .miy
g miakexn mixtqn ipye ,3 xtqnd ,(0 jxe`a ug lr enkmivigd df epze` oiiprny dn oaenky wx ,miakexn mixtqn miaygp md mb 3-e 0jxe` df milibxd mixtqnd z` oiit`ny dny epnkqd m
ew m` .miiwte`-`ldugd jxe` `ed mixtqnd z` oiit`ny dn eiykr ,(dl`ny e` dpini) ugd oeeike ugdmr ,eply miy
gd mixtqnd ipy dpd ."dpini" oeeikl ziqgi da `vnp ugdy zieefde.mdly zeieefd
0 0

i

90◦

−2 + i

153.4◦

.i :elyn my el epzpe ,
gein `ed 90◦ ly zieefa `vnpe 1 el
eby xtqnd7



mipr
n-`ll mihpeewd zxez .1.3wiie
n ,oiiprl ,xvw :mihpeewd zxez .1 wxt
nlp epgp` .wlgle litkdl ,xqgl ,xagl xyt` mixtqny r
ei 
g` lk ,eiykr.epl witqi dfe ,litkdle xagl wx eiykrmigwel ,miakexn mixtqn ipy xagl i
k (d`ixw i
k jez xeiva elkzqd) :xeaigdlgzddn ug migzen f`e ,ipyd ugd ly seqd lr ely dlgzdd z` miny ,
g` ug:dpeekd dnl xidai 
in xeivd .oey`xd ugd seq 
re ipyd ugd ly
+ =

i + −2 = −2 + i.min
ewd mixei`a −2 + i dfd ugd z` izpniq re
n xexa zeidl jixv eiykr.miakexn mixtqn xagl 
vik ep
nl ,jk m`l
ebd z` militkn ,
g` ug migwel ,miakexn mixtqn ipy litkdl i
k :ltkly mekqd zeidl migwel y
gd xtqnd ly zieefd z`e ,ipyd ugd ly l
eba ely:lynl .zeieefd izy
0 00

90◦× =30◦ 120◦d`vezd ly jxe`dy jk ,1.5 jex`d lye ,1 `ed xvwd ugd ly ekxe` dfd xeivamir
ei ep` eiykr .iiwe` .90◦ + 30◦ = 120◦ `id dly zieefde ,1 × 1.5 = 1.5 `ed.oeayg ly miiqiqad milkd z` epl yi xnelk ,miakexn mixtqn xagl mbe litkdl,d`ad d`eeynl al eniy
0

90◦

0 0

× =90◦
180◦

xnelk
i× i = −1reaixa xtqn zelrdl ozip :miakexn mixtqn ly z
geind dpekzd ef .i2 = −1 e`:milibx mixtqnl 
ebipa ,zilily d`vez lawle8



mipr
n-`ll mihpeewd zxez .1.3wiie
n ,oiiprl ,xvw :mihpeewd zxez .1 wxt
(−1)2 = 1.dwifitl dxfgae miakexn mixtqn mr o`k 
r .aeh?miiekiq miaygn ji` 1.3.3ip` .miiekiq miaygn ji`e ,z
aer zihpeewd dwipknd ji` xiaqdl leki ip` eiykr,ipkhd jildd z` wx ,xa
 lkl iekiqd z` miaygn ynn ji` o`k xiaq` zn`a `lji`e ,miakexn mixtqn zxfra ilwifit avn zihnzn mibviin mi`wifitd ji` xnelk.zeiexazqd dfd bevid jezn miaygn mdiekiqd dn" dl`yd z` mil`ey ep` .zxterde mipexhwl`d mr ieqipa xkfipzipeheip dwipknay ,oexhwl`d ly drepzd avn ,okae ."?X i`lba hlwi oexhwl`yoneqne ,miakexn mixtqn ly dniyx i
i lr bvein eiykr ,zexidne mewn zxfra bvei:dfk edyn ,ψ "iqt" zipeeid ze`a

ψ = ( )bvein `ed mb ,X i`lbd eply dxwna ,edylk ieqip ly zixyt` d`vez lk ,ok enk,lynl ,miakexn mixtqn ly dniyx z`fk i
i-lr
X = ( )i`lba hlwi `ed ψ `ed oexhwl`d ly avnd xy`ky iekiqd z` miaygn ji`,mini`znd mivigd z` militkn ,ef 
va ef mivigd zeniyx izy z` miny ?X,X ly oey`xd ugd letk ψ ly oey`xd ugd heyt df :xaqd .ze`vezd z` minkeqe:d`ld oke X ly ipyd ugd letk ψ ly ipyd ugd 
ere

×

X (

ψ (

=

)

)
×

+ +× ×

×

×

++ly l
ebd z` ?oekp ,ug dfi` milawn seqa dl`d mixeaigde zeltkdd lkn eiykr .dti!epytigy iekiql deey d`vezde ,reaixa milrn dfd ugd9



mipr
n-`ll mihpeewd zxez .1.3wiie
n ,oiiprl ,xvw :mihpeewd zxez .1 wxtly) mivigd zeniyx izy ly dltkd i"r lawzn d`vez lkl iekiqd :2 weg •ugd ly ekxe` ly reaixa d`lrde ,epx`izy dxeva (ψ avnd lye d`vezd.lawzny`ly i`
eeae ,raha mikildzl miiekiq miaygn ef dxevay iefd rnyp dfy r
ei ip`llka mivig dfi` mir
ei ep` ji` izxaqd `l lynl) mlyd xe`izd z` o`k izzp.miyer mi`wifitdy dn df ,le
ba la` .(dl`d zeniyxa yix`yd lke ,mixehxte` ,d
i
n ,"dqixw" ,xbpi
xy z`eeyn 1.3.4milina lkd jqa xae
n ,ldaidl jxev oi` .mibyen dnk 
er xi
b` ip` dfd wlga."mely" eyexit hello-y ep
nl mrty itk wei
a ,zey
g,edylk ψ i"r zx`ezn ,zxg` zkxrn lk e` ,oexhwl`d ly drepzdy ,ok m` epi`xagxna xehwe `ed ψ" :jk z`f mixne` mi`wihnznd .miakexn mixtqn ly dniyxxne` ip` ."ixehwe agxn" `le "hxalid agxn" mixne` minrtl ,"miakexnd lrn 4ixehwe.dxexa didz dpeekd dl`d milind z` xne` xy`k jynday i
k o`k z`fdivw`xhpi`l m`zda ,onfd mr dpzyn eply ieqipa oexhwl`d ly avnd ,eiykr,mikx`zn md) mipzyn oexhwl`d z` mix`zny mivigd day jx
d .zxterd mr ely`l ip` .xbpi
xy z`eeyn z`xwpd d`eeyn i
i-lr zrawp (oeeik mipyne mixvwzn:dze` zedfl elkezy i
k dze` meyxl wx ,d`eeynd z` xiaqdl o`k oeekzn
i~
∂ψ

∂t
= Hψly dlertl deey (∂ψ

∂t
i"r oneqn) onfd mr ψ ly iepiyd" :jk zxne` `id dyrnlxtqn `ed ~-e ,`xewl xken xak i ."ψ avnd lr (H i"r mipneqn) zkxrna zegekd-yna riteny H iabl .xtqn wx df xa
 ly eteqa ,"wplt reaw" `xwpy 
gein.(operator) "xehxte`" mi`xew mi`wihnzndy dn ly `nbe
 `ed H ,xbpi
xy z`ee

Hψ minyex xy`ke ,(ze
enre zexey) miakexn mixtqn ly dlah `ed H epzpiganly dx
q xa
 ly eteqa `idy dxeva ,ψ lr z`fd dlahd ly dlrtdl `id dpeekd.eiykr 
r epi`xy dnn zizedn dpey edyna xae
n `ly jk ,xeaige ltk zelertxbpi
xy z`eeyn i"r rawp oexhwl`d avn ly onfa iepiyd :3 weg •i`lbe ieqipd z` mirvan ep`y gipp ."dqixwd" weg `ede ,
g` weg 
er epl xzepavnd df rbxay xne` dqixwd weg .oexhwl` hlw `ed xnelk ,svtvn ,X ,miieqndf rbxn .X z` zbviiny mivigd zniyx zeidl 
in jtede "utew" oexhwl`d ly ψ.

ni edyny d`ad mrtd 
r xbpi
xy z`eeyn itl dpzyi avnd ,d`lde
ψ avnd ,zniieqn d`vez zlawzne d
i
n zrvazn xy`k :(dqixw) 4 weg •.d`vez dze` z` zbviiny mivigd zniyx zeidl 
in jted

vector :jk mibed dlind z`410



mipr
n-`ll mihpeewd zxez .1.3wiie
n ,oiiprl ,xvw :mihpeewd zxez .1 wxtz` zxvei m
`d zer
en :xn`l i
k mipwihqind milvpn llk jx
a dfd wegd z`!dqixwd zixew dzid `l ,mi

en epiid `l m` !ze`ivndmrt i
n :df `ed xzei oekp xe`iz .eze` "mi

en"y r
ei epi` oexhwl`d ,okaei`lbd f` dqixw zygxzn xy`k .re
ne izn mir
ei `l ep` ,dl`k zeqixw zeygxzn`vnp `ed ,dqixwd iptl ψ avn dfi`a did oexhwl`d .edyn mi

en ep`e svtvn.y
g ψ dfi`l onfd mr dpzyi avnd eiykrne ,dqixwd xg`l X avna- y
g `l df) oexhwl`d lr drityd d
i
ndy `l `ed dqixwa oiiprny dndgipfe dphw drtyd ,eilr drityn aiie` qehn 
e
nl dqpny x`
x oxw lynl.ietv `l oihelgle ixwn ote`a z`xew `idy `l` ,(zniiw j` ,ixnblmey oi` .drhn dfd myd la` ,"lbd zivwpet ly dqixwd" mb dfd wegl mi`xewjezl daaxzyd "lb" dlind (dpyid mihpeewd zxez) zeixehqd zeaiq llba wx ,lbezqixw" `ed xzei ipx
end gepind .dpnn xhtidl dyw xak meide ,ihpeewd oelind."avnd xehwe lymibviin ,miakexn mixtqn ly ze`lah mdy ,mihpeewd zwipkna mixehxte`dz`eeyna riteny H-d .ileke zexidn ,mewin ,dibxp` :zkxrnd ly zepey zepekz.5dibxp`d ly xehxte`d `ed xbpi
xyzkxrnd ly avnd z` mipnqn mi`wifitd zeax minrt :oeniq lr zg` dxrd 
erjk i"r |ψ〉 ly onfa iepiyd z` miyib
n mizirl .heyt ψ i"r `le |ψ〉 lnqd i"rz` mipnqn mb md ,dne
 ote`a ."onfd ly divwpetk" xnelk ,|ψ(t)〉 eze` miazeky.xg` oeniq heyt df ,jk-lk aeyg `l df .|X〉 i"r X d`vezdmekiq :mihpeewd zxez 1.3.5.mihpeewd zxez ly ipkhd dpand z` xzei e` zegt yi izipny miwegd zrax`a:jk z`f mkqp.ψ ,miakexnd lrn hxalid agxna xehwe i
i lr x`ezn zkxrn ly avnd •aygl ozip .zere
i zeaiqpd m` elit` dxwi dn ze`
eea zr
l ozip `l :1 weg •.rxe`ne rxe`n lkl iekiqd z`ly) mivigd zeniyx izy ly dltkd i"r lawzn d`vez lkl iekiqd :2 weg •ugd ly ekxe` ly reaixa d`lrde ,epx`izy dxeva (ψ avnd lye d`vezd.lawzny.i~∂ψ
∂t

= Hψ xbpi
xy z`eeyn i"r rawp oexhwl`d avn ly onfa iepiyd :3 weg •

ψ avnd ,zniieqn d`vez zlawzne d
i
n zrvazn xy`k :(dqixw) 4 weg •.d`vez dze` z` zbviiny mivigd zniyx zeidl 
in jted.mihpeewd zxez ly 
eqid zepexwr md dl`i
n dle
b diihq didz ef mb la` ,'eke dibxp` z`f dn xi
bdl eiykr zipexwr jixv iziidy oaenk5.`yepdn11



2 wxtmixa
 
ere ,z
d ,y
gd o
irdlekiak miipgexmewna .xabznd oiirnk zl
ebe zkledd zizxag drtez ,"y
gd o
ir"a oe
p df wxtaxwira j` ,xeviwd myl mb ,zeaiz iy`xa g"r meyxl izpeeka "y
gd o
ird" meyxlz
qtpd drtezl 
nvedy "y
g o
ir" iehiad ly mqewd lilvd z` zeakl zpn lr.efdg"rd it
na iwvnihqa `vnpy xtq lk `l ik ,xn`le invr z` biiql ilr ok enk.miie`x mb miie`x mdn mihrn `l mixtq la` ,o`k riny`y miiepibl ie`xely wgynd illk mdne ,edn :"y
gd o
ird" 2.1?m
`d ly eail z` zepwl ozip 
vikxye` el gihadl xyt` .1gvp-iig el gihadl xyt` .2gk el gihadl xyt` .3md dl` ik ,min
ewd zyelyn 
g` l` eze` liaeiy xg` xa
 lk el gihadl xyt`ere
i df ,mixye`n zeidl mivex mlek .m
` lk hrnk ly eail l` mivexrd zyelymd ok mb miax .gvpl zeigl mivex okle ,zeendn mi
gtnd miyp`d md miax .lkl-rxetd iptn opebzdl gkd ,epiiga helyl gkd ,jke jk zeyrl gkd :gk mivexy dl`zeilqxaipe` zee`z .'eke dpi
na helyl gkd ,epi`pey z` xbnl gkd ,miiga zeiep.onfn epgae` xak m
`d-ipa ly dl`miig zehiy owlg ,zexg`e dl`k zehiy epiid
 ,"zexez" ly sqe` `ed g"rdzeribn xy` ,xzei zeiwlg zehiy owlge ,epiiga hxte hxt lk lr zeylegy zenly,mixtq ly dxeva zeribn g"rd ly zexezd .l"pd zeghaddn zegtl zg` mr epil`.hpxhpi`a r
in-it
e mihxq12



mlerd ly epeifa .2.2lekiak miipgex mixa
 
ere ,z
d ,y
gd o
ird .2 wxt,xzei dlrpe ,l
ap dxe`kly "ipgex" ota zewqer zeax minrt g"rd ly "zexez"d,izin` okez ixqge miaeap llk jx
a md g"rd ly mihqwhd .inybd xnegd mlernr
i ly dybxd mi`xewa xxerl dzxhny ,dwixehxn wx miieyr hrnk mvra mdeswez dpyn zepwdl zpn lr ,"dibxp`" dlina ixehx yeniy ipiite` 
geina .oeghiae.minly mil
en qqal i
k minrtle ,zeprhlwlgl mikiieyn mipr
nde r
nd 
g` 
vn :letk `ed dfd oiipra r
nd ly e
iwtzyib
dl miade`e "xarny dn"a miwqer g"rd iyp`y 
era ,miigd ly "ixneg"dmilvpn g"rd ly eixae
 ,ipy 
vn ."xiaqdl leki `l r
ndy mixa
 yiy" zeax minrtenzxi mrt `l md .ea xetgl me
xwke ,ixehx xiyknk r
nd ly dle
bd ezxwei z`mdly milind xve`l "ihpbnexhwl` d
y"-e "mihpeewd zxez" ,"dibxp`" oebk milindyiba dlw dxizq yiy `xewl dn
p m` .myxzdl mdly mi`xewl mexbl i
k,ok enk .mze` xevrl dfk hert xa
l epzi `l g"rd iyp` la` - w
ev `ed ,z`fdyi ,mlerd zene` x`yn (zei
eqia izw
a `l ,d`xpd lkk) miieqn l
ada ,l`xyia.zi
edid z
d mr g"rd ly dwixehxde mipand ly aeaxir,"dwizr dnkg"l zeqgizdd `ed g"rd ixteq lr 
e`n aiagd dwixehx beq 
ermigkey md ,oaenk ."y
gn dlbn r
nd"y mizirle ,"y
gn milbn" eiykr epgp`ymibeq 
g`e sl` e`ivnd xwirae ,melk lr melk hrnk er
i `l miwizrd minrdyly ez
ear `id jkl daeh `nbe
 .mdipiay mipiihvnd elit` ,zelth zepen` lymre ,miig ilraa zeax zeitvz jxre 
e`n dax zei
eqi dliby ,dibeleia lr ehqix`,zeierh mi`ln mdy meyn - dibeleial xtq-izaa eiazk z` meid mi
nln `l ,z`fmipyd 400-a epxavy ir
nd r
id znerl qt`ke oi`k `ed ,r
i dfi` my yi m` mbe.zepexg`d-xtq dxyrn xzei minrtl ,jynd ixtq zrted `ed ,
geina ihzte ,sqep oiit`nipgex jix
n did oey`xd xtqd m`y meyn ?ihzt re
n ."oeixw" ly dx
qa enk mi?
g` xtqa d
eard z` zeyrl ozip `l m`d ?jynd xtq jixv re
n ,jk lk mlyenzegta zeqgid zxez z` xvi oiihypii` .
g` xtqa ipx
end r
nd z` xvi oeheip.
g` xn`na DNA-d dpan z` ex`iz wixwe oeqhee .xtqnmlerd ly epeifa 2.2epinler 
bpk ixezqne dlrp "ipgex" mler bivn 
inz `ed .eply mlerd z` dfan g"rdepnleray oixezqnd m`d ,oixezqne zenelrz mdl miytgn md re
n .ye
pde inybd?witqn `loixezqnl r
en `l llk epinia ievnd m
`dy ,d
aera miynzyn g"rd ixteqe
bp wgyn ,aygnd len l` ayiizn ,xe`d z` wil
n ,ezial ribn `ed .eze` ste`dxiyi xe
iya zetvl i
k difieelhd len ayeie ,lbexwina dvit mngn ,
iqtne hn-gydxvw hqwh zr
ede ,svtvn ely ixlelqd oetlhd .lbxe
ka ilbp`d riabd xnb ly.xxwndn sihg el gwel `ed .dziad jx
a `ide d
eardn d`vi ezy`y el zxyanoeeikn ,wenr oixezqn set` dyrnl la` ,ziaa axr ly il`pa xe`iz dxe`kl:eaiaq dxew dn byen mvra oi` ,ax it lr m
` eze`ly13



zei`x .2.3lekiak miipgex mixa
 
ere ,z
d ,y
gd o
ird .2 wxt-gzn ribny lnygd zekfa wle
 `ed ixd :mixiyknd x`y lke ,wl
edy xe`d .1,ji` ,eiykr .eze` xviil i
k xg` wl
 dfi` e` mgt mitxey my ,gkd zp?ji` ?ziaay xe`d zeidl zkted gkd zpgza mgtd ztixy ,lf`frlmr 

enzdl zlbeqny ,mne
 utg `idy ,dpekn dpyiy `ed `lten `l m`d .2hn-gy wgiy `l aygnd ,z`fn dxzi ?
vikd ?eze` gvpl 
ere ,hn-gya m
`
nl aygnd 
vik .hn-gy zpkez eilr dpwzedy xg`l wx `l` ,dligzkln?xdn jk lk wgylzikekfd zglv ,melk mi`ex `l ?dvitd z` mngny lbexwina my yi dn .3dxew df ji` f` ,(dnngzdy dvitd i
i lr siwr menign ueg) znngzn `l?wei
amy-i` dxew dn ze`xl i
k gle
a xe
ka zynzyn ze
b`dn dtykn xy`k .4d`ex `ed xy`k ,m
` eze` jkn dpey dna .`lten seyik df ixd ,mlera`ed ,lf`frl ?riabd xnb z` oelqa raexnd "gle
ad xe
k" jx
 xiyi xe
iya!dilbp`a dxew dn d`exe ob-znxa ayeimewn lka ,xg` yi` lk mr xa
l leki dfd yi`d .
ibdl yi 
er dn .ixlelq .5?epxn` xak seyik .e
il did eli`k ynn ,onf lkaewlg xenyl zlekid z` ,m
`l el yi .on`i `ly xa
 ynn df eiykr ,xxwnd .6.xzei ax onf 
nrn wifgi ely oefndy zpn lr ,xw didiy eziaa miieqn`ln aiaq mlerd :xexa zeidl jixv xqnd la` ,
ere 
er milin xiakdl xyt`lk wegx `ld) xaray zegeka wifgn ,dibelepkhd jx
 ,epzi`n 
g` lke ,zenelrzly m
i
 iabl ,df lk j` .ze
b`dn mitykn e` miibelezin mil`l wx eqgei (jk.iefae ixneg ,il`pa `ed ,g"rd iyp`ilan dl`d mi`ltd lk jeza ig m
`d eay avnd wx `ed iefa :`ed jk `l,ef dl`yl daeyzd ?xyt`d x
ba xa
d 
vik ,zelway dlw daygn ea dxarymipyd ze`na miax miyp` ly miizaygnd migezitd jx
 xyt`d x
ba `edy `idoi`e ,l"pd mixiykndn 
g` lk jeza ziyep` daygn ly dxi
` zenk yi .zepexg`d
r m
`d gex ly ,mlekn xi
`d ile` ,mixi
`d mibyidd 
g`a xae
ny llk wtq.dkzei`x 2.3zei
izr ze`qxba) y
gd o
irl zeipiite`d zeirhdd beql zei`x izy o`k dpen ip`.jynda miriten miwenipd .(
er siqe` dfd jnqnd lyd`x ."mikxr" ze
did oebx` zxbqna ,"r
ne z
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d dfy ddfi ,ehqix`.`eai `ea repkyd ,dlrne enkyn `ed dvxnm
`dn r
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ideifit xa
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l ?i`nvr meiw 3-l yi m`d .xnegalynl .miipgex mdy mixa
 yiy dpwqnl ribpe ,oky 
ibp z`f lka .z`fbia dfk `l df .xneg meyn miieyr `l ,miniiw md m` - rahd iweg"dihxwen
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a0 + a1x+ a2x

2 + a3x
3 + · · ·-ifit mikildz `le ,zewfg ixeh meyxl dgep jx
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 zexidny 
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2.mii
eqid miw.lynl dibxp`d xeniy weg3

http://en.wikipedia.org/wiki/Mass in special relativity 4
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d zernynd`nd zligza mi`wifitd ly zeivi`ehpi`l xenb 
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g` uevita xvep qenqewd lk ,le
bd utnd it lr (a)mdn 
g` lky ,miax miwlgn zakxeny la` ,zg` zkxrn℄ .zg`dxebqd zkxrnd dyrnl `ed .ely zi
iind daiaqd mr wx divw`xhpi`a.[d
igid.ofexe iwqle
et oiihypii` :ely mibedd my lr7.w
ve ,"mihpeewd zwipkn z` oiany elit` 
g` m
` oi`" :onpiit 
x'vix xn` df lr821
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ere ,z
d ,y
gd o
ird .2 wxtmipey miwlg oia zxeywiz yiy dii`xde .zg` zkxrn `ed ux`d xe
k (b)xe
k .oekp jk lk `l xak df℄ .(lynl miig ilra oia) ux`d xe
k ly 
e`nlke ,llgl dze` hlete ynydn dibxp` lawn ,dgezt zkxrn `ed ux`d[dfa zeielz zeigd,ih`et℄ .ig 
g` mfipbxe` `ed ux`d xe
k lk :Lovelock ly di`b zixe`z (
)edyin - daxzn epi`y re
id 
igid mfipbxe`d df didi ,jk m` .jgebn la`.[?dfehin dyer ?bee
fn ux`d xe
k z` mrt d`x-re ziphyt" `id axd 
eak ly e
i
 iabl zihqipkn-zihqil`ixhnd dqitzd .19zeivi`ehpi`l ditly zihqind dqitzd - oekpd `ed jtiddy ayeg ip` la` ,"daelmbe ,daelrde ziphytd `id - zeivi`ehpi` ozeid mvrn swez yi m
`d lyzeivi`ehpi`dy `ed r
n ly dpy 400-a ep
nly dn lk .xzeia ziaihinixtd-i`ehpi` :xzeia dxexad `nbe
d z` aey oz` - 
e`n zelaben rahd iabl eplyipendn ieyr `edy `id zn`d j` ,sivxe wven `ed xnegdy miayeg ep` ziaihly iaihi`ehpi`d oaena zewven mey oi` - il`heh wix yi mdipiay ,mineh`xy`k re
n oiadl dgilvn `l mb divi`ehpi`d .miiw `l heyt df ,dlind`ed aaezqn `l `ed m` la` ,ely uityd lr 
enrl leki `ed aaezqn oeaiaq.oievn df z` oian oeheip la` - eilr 
enrl leki `lseq seq - dxezde m
`d ipiiprl mixaer 2.4.4dzxhny ,hxta mihpeewe llka dwifit `yepa axd 
eak ly dkex`d dn
wdd xg`lmipiiprl xaer `ed ,lkd lawl oken `edy avnl eze` `iadle ldwd z` mndl dzid.miipxezwlgd ."ziwel` dnype xneg ly xeaig - zenler ipy oia xtzd lr ig m
`d" .1.ziyteg dxiga lra zeidl m
`l xyt`n dnypd ly.zxn` (`).ziyteg dxiga el dzid `l ,ixnbl ixneg did m
`d eli` .2"xneg" xi
bn `edy jk i
i lr yweand z` gipn dyrnl `ed la` ,xrhvn (`)dxiga" mvra df xne` `edy dn .el dni`zny zniieqn dxeva "gex"ellka ."ziyteg dxiga el oi` okle ,gex epi` xnegd ,gexl zkiiy ziytegonf xg`le daiaqdn 
nlz `l mipexiep zyxy re
n .oekp dfy geha `lzipexwr ozip `ly daiq d`ex ippi` ?odipinl zexiga xegal ligzz dnitl il rnype .izin` m
` oial epia oigadl ozip didi `ly heaex zepalm`) izi` mikqn did `edy ,"zepihexaq ipeilin" ,axd 
eak ly xe`izd.(eze` izl`y `l ik
22
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ere ,z
d ,y
gd o
ird .2 wxtli
adl ozip `l m` - 9oiihypii` ly zeliwyd oexwrn 
nle `v eiykr.xa
d eze` md - mixa
 ipy oia-yteg dxiga zeidl dleki `l xneg ezeid mvrn xnegly driawd ,xeviwaly ezedn z` oiadl dxnei da yi .`wee
 e`l la` ,dpekp `idy okzii ,zi.efd dpadd lr miwa`p oii
r miir
nd zegend iaehy 
era ,xnegdmiaxe mipey mibede jeaq `yep `id ziytegd dxigad ziibeq ,dxwn lka.`yepa aigxdl mewnd `l dfe ,o`kle o`kl zewnepn zetwyd ebivd"mipbd jeza `vnp `l df . . .ryx zeidl 
lep `l m
`" .3zpekz mda didzy okzii `l miixneg mipb eli`k ,yweand zgpd ,aey (`).zeizyxez od zenieqn ytp zelgny jkl zei`xn mlrzn axd 
eak .ite`
iwtzd ly d`ln dpadl ww
fi `ed ,ezprha jenzl zn`a i
k ,ok enk (a),dnelrz md mipbd aex .jenql dn lr dl oi`y zepxnei aey - mipbd lk ly.miyer md dn zelbl i
k uxna mi
aer mibeleiade.d`ld jiynp .odilr 
ibdl 
gein edyn il oi`y zeipxez ze
ewp dnk yi eiykr .4."divxbhpi` ly gk `ede ,onfde agxndn rwteny gk `ed zr
" .5zeixhne`ib e` libxk od ,lynl ,ily zeaygnd .`l (hp`w zr
le) izr
l (`)e` agxn e` aey dfy x
q xnelk ,milin zx
q) zeilelin ody e` (agxn)ze
nevn zeaygnd lky jk .miipyd ly aeliy df llk jx
ae ,(ielz ,onf,qpxh oin enk ,zexg` zeaygn ile` yi .agxne onf ly dieegl 
e`n wfg
eak ly ezxdvd dxwn lka .
e`n zipteb mb dieeg efy il d`xp la`.wtwetn dtwez ,axdqetzl zlekid `id "dnkg" .r
nde dwibeld `idy ,"dpia" yi ,zr
l 
ebipa .6.xnegl xarny zipgexd zednd z`dnk .dlrp `id gexde zegp `ed xnegdy dfd oiiprd mr aey eplgzd (`)mdy ,xnegd ly zednd z` llka miqtezy ,epnlera ,dt miaaezqn miyp`?"xarn" edyn yiy mir
ei mdy sweza oerhl mnvrl zeyxdl mileki`ed ile`e ,oekp ile` `ed "xarn" edyn yie "mzq" `ed xnegdy oeirxdxefn ywane miigd iiywn laeqy m
`d ly egena xxerzny edyn wx.10edyn 
er yiy ,oin`dl dvexe ,eizelaql iytp,(zipexwr dfl 
bpzn `l ip`) "gex" dfk xa
 yi llkay ozpda ,dxwn lka (a)?"xneg" `xwpy ipyd xa
dn xzei dlrp `ed re
nli
adl ozip `l zn`ay dxwna :df oirn edyn `ed zillkd zeqgid zxez ly zeliwyd oexwir9.dve`z wx `l` divhiaxb oi`y oniq ,divhiaxbl dve`z oia zipeiqp`l` epi` ux`d xe
ky dliby xg`l ,hp
 xezx` :"diqwlbl hqitnxhd jix
n"n zpievn dgi
a r"r10dn il xn`l oken did `l 
g` s`e ,mlera dxew edyny izybxd iig lk" xne` mixakr i"r ldepn aygn".dfn laeq mewia 
g` lk .zilnxep diepxt mzq ef ,`l" el aiyn illgd egx`n ."df23
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ere ,z
d ,y
gd o
ird .2 wxt".oeayge oi
 zzl 
izr dz` in iptle ,jled dz` o`le ,z`a oi`n r
" .7`edy 
gtd aexn xi
` repky gk yi dfd htynl wx .
igtn mbe dti df (`)oi`n r
" .zvw df lr aeygp e`ea ,la` .eze` `ivndy in oe`b .xxerndti`n r
ei `edy ayeg d`xpk axd 
eak .revial dyw ,xn`l lw ,"z`a-lepy il mixtqn) r
ei `l iyi` ote`a ip` .ileke jled `ed o`le ,`a `ed.daeh dl`y mb ?jled ip` o`l .(df z` xkef `l ip` la` ,ily `n`l iz
-i` mi`ln miigd .my yi dn il xtql exfg `l iptl ekldy dl` lkze`
ee el yiy xne`e edyin `a m`y xne` `l df .
ibdl yi dn ,ze`
eelk zepwle uetwl jixv `ly enk wei
a ,"d`ivnd" lr uetwl skiz jixvy.mihnw 
bp xiykzmiy`n ip` eli`k dn
py azk `ed lapr iav mr izeazkzda :daeyg dxrd}z` xiarne ,dny` lkn eze` xhet ip` ,okae .dni`e 
gt xxerl oeiqpa eze`
{dfd htynd z` `ivndy wipl"fg eze`le envr htynl zeixg`djx
 mixgea ep` xy`k lewiy zeidl mikixv `l dni`e 
gt ,dxwn lka (a).miigz` ,dnypd z` dpnn mi`iven . . . ,dpenzdn miwel` z` mi`ven xy`k" .8"zernyndgiy-e
d .miigl zernyn ozep `l midel` ,
inzle zg` mrt eiykr .iiwe` (`)meyn ,miiga zernyn yi jil` 
ebipa il" :il xne` ipelt :jk jxra jledjiig zernyn dn ,iiwe`" :aiyn ip` ."igvpd miwel`l dwifa miiw ip`y:dxhn il yi .mzq o`kl `a `l ip`" enk edyn aiyi `ed ."?jk m`yi re
n la` ,x
qa" :`eal zxg`n `l ily daeyzd ."'d z` 
earlaiydl leki `ed .envr lr xfeg heyt df o`kn ."?jkl z
gein zernyn

X-y zernynd dn la`" ,le`yl jiynn heyt ip` .''X-y llba" :xa
 lkoke "?zernyn el yiy jkl zernyn yi m`d ,zernyn el yi m`e ?wiprnmpn` `id) qiadl ozip `l zihqilidipd d
nrd z` .d`ld oke d`ldzeipeviwl uetwl jixvy xa
d yexit oi` j` ,
geina jze` zn
wn `l.(jl oi`yk 
ia ze`
ee jl yiy aeygle diipyd- leab heyt `id zernynd ziral wtqn dxe`kl midel`y daeyzd.hwya df z` miafere zernynd dn le`yl miwiqtn ep` eay mewnd.dl`yd z` wizydl jx
 mzq ,izin` oexzt `l dfxye`l wewf `ed .zernynl wewf `l m
`dy `id zn`dy ayeg ip` (a)didi `ed ,xye` el oi` m` .sqep xa
 jixv `l `ed ,xye` el yi m` -m` oia ,rahd df - xye`n zeidl `id m
`d zxhn .lkd exear zzl okenmb la` ,mihxqa enk xye` oi` oaenk .e`l m` oiae "zernyn" dfl yi.
g` s`l rixtn `l dfe oi` onxteqozip epnn dnk ,xye`d zedn lr miax mixtq eazkp zeyep`d xgyn.aigxdl mewnd `l dfy oaenk .
vike ,biydl24
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ere ,z
d ,y
gd o
ird .2 wxt'd epiwel` 'd l`xyi rny" .xeaigd z` zeyrl i
k milk epl zpzep dxezd .9.miwel`e 'd ,o`k yi zeny ipy ."
g``l ynn ip` .mixa
 xagl dl`k mipiievn milk el yiy yi`d ixy` (`)zeiernyn mi`ven oii
r miyp`y jkn mlda zvw ip` .
ibdl dn r
eiixg` dpy 2000-n xzei ,dl`d zettexd zeilelind zeibelp`a zeinqewdxixb i"r ,jixvy enk mixa
 migiken ji` zeyep`d z` 
nil q
ilwe`y.zegpdd jezn dpwqnd ly zibel."e
aln 
er oi` miwel`d `ed 'd" :"
g`" dlind yexit .10iptle 0 ixg` `ay df .1 ,ep ,dfd xa
d df 
g`y izayg izeninza ip` (`)
g` ,d
ez `l" xne` dz` "?
g` 
er dvex dz`" jl mixne` m`y df .2.dl`k mixa
 ."il witqd-xaa dtzzyd dlek d`ixad ?miax oeyla "dyrp" re
n ,"epnlva m
` dyrp" .11ly dnypd oia qgid ."ohw mler" `ed m
`d .miaxd oeyl okle ,m
`d z`isebd dbidpn dnypdy itk) mlerl miwel` oia qgid ly d`eaa `ed sebl m
`d.(mlerd bidpn 'd jkrnyn .ledekl` zvw mr dnypd z` bidpdl leki sebd mb :dphw zxekfz (`)?midel` z` bidpdl leki mlerd mbym
`dy xg`n ,jkn raep ,'eke dad` d`pw ,qrk ly mibyend z` m
`l yi m` .12-ny ipeligl daeyzd ef .ipgexd mlera miniiw dl`d mibyendy ,mlva `xap.l`d ly 11"mfitxenetexzp`"a lflf,enlva m
`d z` `xa zn`a midel`y i`pza wx la` ,w
ev axd 
eak (`)heyt `l` ,ipeligl daeyz `l ef ,jk m` .xihlee xn`y itk ,jtidl `lemil`dn ef d
ewpa dpey `l ixard midel`d .ztqep mrt - yweand zgpd,mi
qg wiprn `ed ,ade` `ed ,`pwn `ed ,qrek `ed :qetnile`d ly.wfge le
b xzei daxd wx ,m
`-oa enk `ed xeviwa,"miize
lie miiyep`" `xep mdy miipeeid mil`d lr mi
xei zeax minrtlk d`pwn rbzyny l` lr xn`l xyt` xa
d eze` z`y ayeg ip` la`.xg` l` mr hhxltn zvw ely mrdy mrt.eze` oihwdle m
`a lflfl oi` :axd 
eak xne` "ipeligl daeyz"l jynda .13oken ip` dfl℄ .qenqewd zevwa hheyn egen ,`qkd lr ayeiy ohwd m
`d.[al utga mikqdl,iepa m
`d jky meyn mlera zniiwzn 'eke wiwlg/lb zeil`e
 :axd oreh .14.il`e
 edynk.m
` ipal oein
 ,dyp`d :mfitxenetexzp`1125
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ere ,z
d ,y
gd o
ird .2 wxtoyein oeirx `id wiwlg/lb zeil`e
 .wiwlg/lb zeil`e
 oi` ,ziy`x (`)`l wx ,ylge ipxzeq `edy xexa did f` xaky ,20-d d`nd zligzn-izlad gqpnd ,(Dirac) wxi
 let le
bd i`wifitd .aeh xzei edyn diddfd rexbd oeirxd z` xaw ,miyelyd zepya mihpeewd-zxez ly xrxern.ziteqlrn hxalid agxna xehwe ,|ψ(t)〉 yi :zizin`d mihpeewd zxezl eiykre (a).miakexnd mixtqndxehwe ,|ψ(t)〉 yiy daiqd" :xn`pe axd 
eak ly eixa
 gexa jlp eiykr,m
`d `xap jky meyn `id ,miakexnd mixtqnd lrn hxalid agxna-xnd mixtqnd lrn hxalid agxna xehwe ,|ψ(t)〉 dfi` ea yiy edynk.zkgebn efd dxdvdd dnk xexay deewn ip` ."miakerbxa . . .ze`ivnd z` `xea m
`dy dpwqnl ribdl dvl`p dwifitdy d
aer" .15"da dtev m
`d zr
ezy-dl dvl`p `l `id hxtae ,efd dpwqnl ribd `l dwifitd .qrek ip` eiykr (`).ze`ivnd z` `xea `l ,`di xy` `di ,zihpeewd d
i
nd jild .dil` rib.`xap `l `ed xnelk ,eze` 
e
nl ozipy edyn my zeidl jixv dligzkln.eilr dlertd z`vez `id d
i
nd z`veze ,edyn eze` lr zlret d
i
ndzxeva diber zeyrl i
k dpelay wvaa izvrpy jkl ?dne
 xa
d dnlayeg ippi` .wvan akek "iz`xa"e (my didy) wvad lr izlrt .akekmihpeewd zxez z` jixvy edynk df beqn "d`ixa" miqtez miyp`y.miig jx
l qiqak e` ,eze` oiadl i
k,m
`d z` oiadl jixv zihpeewd dwipknd ly miqwe
xtd z` oiadl i
k" .16"df z` zeyrl ozipe-peewd zwipkn z` oiany 
g` m
` s` oi`" ,onpiit 
x'vix xn`y itk (`)ly 
nrn oirn `ed mihpeewd zwipknl qgia ep
nrn .w
v onpiit ."mihh`l .xwire llk dze` mipian `l j` ,da ynzydl ji` mir
ei ep` .user.axd 
eak ,jledyin .xqga dwel eply dpaddy il dn
p m
`d ipa ipiipra mb ,ab` jx
 (a)`l mdl mexbl ji` ?m
`d ipa ly mdizeira z` xeztl ji` r
ei o`k?'eke df z` df gevxl `l ,mia`yn fafalxzqipl dlbpn mixaer ep` dkxaa .miwel`e 'd ,mler-`xeal zeny ipy yi dpde .17-`xeaa yi ik ?re
n ."[iyily seb℄ eizeevna epy
iwy . . .[ipy seb℄ dz` jexa".xzqp 
ve dlbp 
v mlerwelgl zlaewn jx
 efy ,heytd xaqdd axd 
eak ly ezr
 lr dlr `l (`)zia ,jzeyxa" `le ,"
rd z` oinf` htynd zia ly ezeyxa" :
eak26
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ere ,z
d ,y
gd o
ird .2 wxtseba mlek mdy miiz
 mihqwh yi ok enk ."
rd z` oinf` ,htyndm` ." . . .l`xyi enrl dxez ozpy jexa . . .`ed jexa mewnd jexa" iyily.d"awl jk dyriy i`
eea ,jlnl e` hteyl jk dyrimivex `l miiz
 ik :ezr
 lr dlr `l heytd xaqdd re
n xexa ,ab` jx
 (a)miytgn md ,dieag zernyn yiy y`xn migipn md .mi`fext mixaqd.r
nn xenbd jtidde ,dnkgn xenbd jtidd df .dze` mi`vene ,dze`uegn daiq yi jkitle ,ddeab dbx
a m`ezn mlerde ,m`zn lr d`xn me`izd .18.zkxrnlm`ezn mlerdy okzii .zegpddn zraep `l heyt dpwqnd la` ,xrhvn (`)miqxdpe mixvep onfd lk zenlery okzii ,lynl .jkl b`
 edyiny ilan.me`iz `ll zenler mixvep onfd axe ,m`ezn mler dfi` xvep mrt i
neixnbl zeixwn od ze
i
nd ly ze`vezd mihpeewd zxez it lr ,dfn ueg (a)f` ,(yteg oend xi`yn df) xeniyd iweg i
i-lr zevle`n xzeid lkle?me`izd dti``iltdl zn`zen m
`d ly oyd ?mini`zn `ly mixa
 mixqg :
ere (b)ly eiig zeki` mr m`ezn ynn `l df la` ,dze` milke`y miw
iigl,miw
iigl rixtdl ji` oiadl i
k zeax 
ewyl ul`p `ed .miipiyd lrahlgen dn`zd xqega mnvr z` mi`ven miw
iigde ,jtdzn lblbd f`eiwa`n o`k yi - `lten me`iz dt oi` .mze` zwlqny miipiyd zyxanl.gkd`vxdn xvw edyn hhiv wx `edy axd 
eak ly ezpbdle izaegl xn`i (
).`yepa ezpyn lk z` bivd `l i`
eea okle ,zxg`.mdilr 
ibdl 
gein edyn il oi`y dxez ipiipr ly dx
q 
er yi eiykr .19z` oiadl miqpn ep` xy`k zexizq milbn ep`y zexnly ,`ed le
bd 
eqd .20jx
 deezn dxezd .m
`d zeinipt ly zetwzyd xy`n xzei `l df ,mlerdlevitd z` ,m
`d z`ixal yxeyd z` mix`zn 'de miwel` zeny :oexztlm
`dy meyn ?ilb/iwiwlg mlerd re
n .m
`d ly d`xn `ed mlerd .iqiqad.miwel` ly dixlwtq` `ed envr m
`d .lvetnminbnebnd miyegipl `le ,1930-n zipx
end mihpeewd zxezl xefgp dad (`)x`ezn `ed mlerd re
n" .axd 
eak z` zewgl dqppe ,xdea qlip lyzenyd m`d ."dfk `ed m
`dy meyn ?hxalid agxna akexn xehwe i"r
I think ?hxalid agxna akexnd xehwel divwi
pi` mieedn 'de midel`.(wiwlg/lb zeil`e
l divwi
pi` mb mieedn mdy ayeg `l ab` jx
 ip`) .notyi envr midel`y dpwqnl ribp m`d ,mihpeewd zxez mr jiynp m` (a)melk :daeyz) ?eilr epl 
ibi df dn ?hxalid agxna akexn xehwe ea.(reaixa27
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ere ,z
d ,y
gd o
ird .2 wxtdl`yl zg`d daeyzd z`fy d`xp dieed mye miwel` byend z` oiap m`" .21."zeaiqd zaiq `id ef . . .ze`ivnd idn?dywaa dxegqd dti` .oiievn zrnyp mby zx
dp dghad (`)yi dfk rexi`a wei
ay meyn ,ipiq xd 
nrnn dtwez z` za`ey dxezd .22,(gexd oira - "zelewd z` mi`ex") iyeg `l ote`a ,qtz mrd lk .'d ly zelbzdz` gikedl ozipe ,onfae mewna ygxzdy ixehqid rexi` did df ,df mr 
gie."miwel`d `ed 'd" ly beqdn dfzpiq dzid ef xnelk .df,gikedl ozip qxebzit htyn z` mb ,lynl .xfen oiipr dt yi ,ernyz (`)izgked ziyi` ip` mb .d`xpk qxebzit dfi` i
i lr - dyrp s` xa
deqenlet yiy d`ex ippi` ,z`f mr .miyp` ipeilin dnk 
ere ,ab` jx
 eze`z` l`ey zn`a ip` ."qxebzita mixtek"-l "qxebzita mipin`nd" oia xrz` epz ?minikqn mlek `ly df ji` ,jk lk zpiievn dgked yi m` ,invrz` zr
l dkfp mbe ,dl`d zettexd zeibelp`d lk mr xenbp mbe ,dgkedd.seq seq zn`d,(lapr iav axl xyw `wee
 ilae) drixid z` o`k aigxn ippi` mpn`
nrn ly dgkedd llek ,izybty zeiz
 zegked ipin lkl xywda la`zeqgiizd dlaiwye ,mdly xz`a z`vnpy) mikxr oebxi` ly ipiq-xd`a ip`y mewnay yibxn ip` ,(www.hofesh.org.il "yteg" xz`a drx `l.xzei dax zepivxa "dgked" dlinl miqgizn epnn.xfen df zn`a .z`f azky in oeekzd dnl r
ei ipi` - "zelewd z` mi`ex" (a)zeveaw yi epinia mb .azk `ed df z` mbe ,xfen df xa
n ygp mb la`e` ,ileke ,qp`iqa gex elrd mdy rayidl mipkeny miyp` ly zele
b.mlere mr law ,zexgd lqt z` milrd 
litxtew 
ieii
 mqewdyr
ia wifgny ixnbl iaihinixt hay `edy ,mipebe
d mr z` mb yiemil`n mzprhl elaiwy (mi`wifitexhq`l re
iy) m
wzn inepexhq`d`na `l` mipy itl` iptl did `l dfe ,(b
 ivg m
` ivg) mi-ipa zxevaxexay xwird ,il ztk` `l zn`d ?jk xwyi mly hayy re
n .20-d.dxw mbe ixyt` xa
dydgkedd zaeg 2.4.5la` z`f izhhiv `l `wee
 ,aeh .2.1 wlgn dprhd ly dgkedd zaeg l` aey xefgp,jled dz` o`le ,z`a oi`n r
" htynd z`y jk lr xvn axd 
eak ,d`vxdd jldnaiptl `le ,zexawd ziaa mi
edid ax mirney "oeayge-oi
 zzl 
ner dz` in iptle,gvp iig gihan `ed ,xeviwa ,zeend xg`l ote` dfi`a mikynp miigd ,xnelk .ok.12dgkedd zaeg z` izniiw xak z`fae.dyelydn 
g` zegtl migihan 
inzy izprh1228
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ere ,z
d ,y
gd o
ird .2 wxt-igay zernynd z` zelbl jx
 eipif`nl rivn axd 
eaky rney lkl xexa ok enkhrn `l yiy il dn
p ,gek ,ziyilyd d
ewpl xy`a .xye` gihan `ed ,dyrnl ,mi-itdy d
aer" miiwzdl xnegl mxeby df `ed ezer
ena m
`d eli`k eizeriawa dfn`exal zlekidy wtq oi` - "ze`ivnd z` `xea m
`dy dpwqnl ribdl dvl`p dwif.ea mivtg mihrn `ly gek ly beq `id ze`ivnd z`.mlek enk .gvp-iige ,gek ,xye` gihan `ed :xeviwaaevrd mekiqd 2.4.6df alya xexay deewn ip` .ipxez wlge ir
n wlgl irah ote`a zwlegn d`vxdd,stex ote`a elit` ,zeknez `l heyt ,zegte xzei zewiie
n ,zeir
nd zeprhd lky.zvw `l elit` .xyw oi` .mda o
 axd 
eaky miipxezd miyexitd ly zezin`axy`ke ,xne` `edy dna oin`n `edy ipgehae ,mkg yi` `ed lapr iav axd 
eak?x`yp dn f` ,oe
f `l m` f` .oe
fa dirhdl oeekzn ippi` "dirhd" lirl myex ip`"mikxr"l zeytp zeyrl oevxde ,lkyd lr dxab dpen`d lapr iav lv` :
g` xa
 wxrepky gk dl yiy zir
n dwixehx zaehl zepwqnd zwqd iweg z` zvw mwir.jk lr xvn ip` .r
nd z` (w
va) 
akny xeaiva ,axziniinyd d`eapd 2.5.oldl dxvwa eze` mkqn ip` .1994 ,qete` z`ved ,
lit
x qnii'b z`n xtqa xae
niax zniyxa akik `edy ,`id okeqn `edy daiqd .okeqne ,ighy ,iytih xtq dfzeytihd lr .miwzer ly mipeilina xknpe ,xtqn zereay qniih wxei-eipd ly xknd.jynda zeighydejixvy dn lk likny xvewn xivwz 2.5.1,

eazdl jlde dxiixw xayn deegy ,xetiqd xeaib .oey`x seba zxteqn dlilrd,dwztxd ly dzligz `id dgiyd .minid xakyn ez
i
in oetlh zgiy lawnliknd 
i-azk xg` yetiga ,(l"f dwpi`d ux` `id `ld) extl epxeaib z` dliaeny.iyep`d oind xear odenk oi`n zeaeyg "zepaez ryz"did miptly dn z` xida xe`a ze
inrne ,zipeig divnxetpi` zelikn "zepaez"dmir
en miyp` xzeie xzeie ,zernyn yi epiiga mixwnd itexiv lkl :yhyehn d`xp,dxedh dibxp` miieyr epgp` llek mewid lk .ipgexa `le ixnega wqer r
nd .jkl-wa`n dyrnl mlek zene`e miyp` oia miaixd .lkl gztnd `id dibxp`d ly dpadd.mewil zexagzd i
i lr dibxp`d z` lawl xyt` ik ,lag dfe ,oaenk dibxp`d lr mizepaxewe ,epze
li z` xvez eplek .mihwiltpewd lr uwd `eai ,mlek z`f epiai xy`k,zepaezd xe`l epze` l
bl mewna dibxp`d lr epzi` ewa`py ,eply mixedd lyzepeifge zenelg .zen
` ilr epzniyn z` epl dlbz ,epixede eply ze
lid ly dpaddzekxrn ldpl epilr .eply divi`ehpi`le mdl aiywdl epilre ,zernyn ilra mifnx mdbefd ipa mr dibxp`d lr wa`na rwyp `le ,dibxp`l epxagzdy xg`l wx miqgi29
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d ,y
gd o
ird .2 wxtmiihbxp` mixevil jetdp dxdn 
r ,xne` 
id azky itk dyrp wx m` ,seqale ,eply.ixvepd eyi dyry itke ,di`nd-ipa eyry itk ,gvpl digpe ,ixnbldgkedd zaeg 2.5.2i`
eeae i`
eea xtqd :2.1 wlgn dprhd z` gikedl epizaeg l` ziy`x l` dzr ybipxne` xtqd .ely s
 lkn hrnk xexa df xa
 ,zepaezd z` e
nliy inl xye` gihanwifgny iny wtq oi` ,mlerd lr xzeia aeygd r
id z` zewiprn "zepaez"d ikzixnegd dglvdd ly mixe`iz dnk mpyi ,jkl xarn .gk ly beqa wifgn dfd r
iabeqne xzei le
b rtya zepefn ly mle
ib lynl ,"dibxp`"a hleyy inl zghaend
nel 167 'nra ,
ere .gk ly beq mb dfe ,xyer `id zixneg dglvd .xzei gaeynly beq aey ,ely dibxp`d z` epnn lefbl miqpny miyp` mr 

enzdl 
vik xeaibd.gkepnb
d jkae .ixvepd eyie di`nd ipa mdl ekfy itk gvp-iig gihan xtqd ,gepiwle ik.xye` gihan xtqd .1.gk gihan xtqd .2.gvp iig gihan xtqd .3.l.y.n(wt`zdl izleki `l) eipir exe`y `xew ly epnein 2.5.3.ze`ltp heyt ,ze`ltp zepaezd !d`ex ip` eiykre `neq iziid !xe`d l` ipir egwtpdibxp`a yreb elek mewid ?meid 
r df lr izayg `l ji` .zeizin` zepaez ynnxiaqdl ozip ji` !lea .ueng `edy xxazde ,zlekna alg xwead izipw !epil` daibnylkk ?uengd df z` `wee
 izxga alg ly mipehxw zexyr jezny ,d
aerd z`zeidl wiqtdl e`) ueng zeidl wiqtdl ilry ,xqn il gelyl dqpn mewid d`xpdmrtde ,eze` lawi geha edyin f` ,zlekna ueng alg yi m`y ,mpn` ,okzii .(?alg.jgebn xaqd il rnyp df la` ,ip` df dxwnaxexa !dzid z`f dpaez efi` ie` ,r
nd ly e
iwtz iabl dpaezd lr xa
l `lyaxrnd ,z`f mewna .miigd zxhn lye midel` ly dy
g dpenz yabl 
rep r
ndymipr
nd ik ?dnl mir
ei mz`e !r
nd zxfra ixnegd eavn xetiya envr wiqrdi`y oeirx lk" okle ,"mii
ia dze` yynle dze` ze`xl xyt`y dgked" evx dl`ddnl !miixneg mipr
n ie` !"izhiy ote`a dg
p zilwiqit jx
a eze` gikedl xyt`!mipr
n diet ?zvw enxfz `lyonfd lk ,iiga .izr
i .itn milind ewzrp ynne ,dibxp`d ly dpaezd dribd f`eil dny ynne dpaezd dribd eiykre ,df z` 
ibdl ji` izr
i `l la` ,izr
i dfd!dxedh dibxp`n `l` ,ye
p xnegn ieyr `l eply mlerd .(genae) dta milind z`dibxp`a hhex lkd ,qxizd ,mignvd ,mivrd ,m
`d ipa ,mi`ltp dibxp` ze
y eplek30
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gd o
ird .2 wxtexkfp `l miwwnde miyexakrd ,ze
legdy ,xfen 
g` xa
 wx !zeig z`lne ziperav.l k d .lkd oian ip` eiykr !ok mb zx
dp mdly dibxp`dy geha ip` la` ,xtqail wrve ,yiaka ize` jzg ynn ,
g` dfi` ize` swr lenz` wei
a ,lynl`ed wx m` .dxwy dn df ,dibxp`a ely xqegd .dnl oian ip` eiykre ,"!xeng"dze` lefbl jixv did `l `ed ,ely dibxp`d z` lawn dide ,mewil xagzn didixd ,("!xeng") iliaya el didy xqnd z` epnn izlaiwy xwird ,dxwn lka .ipnn?mzq ?ybtipy dnl zxg` ,epl xeqnl aeyg ipgex xqn yi ea miybet ep`y m
` lkl?zeyrl miaeyg xzei mixa
 il oi` dnsel ipnn zeyrl i
k ,dhigyl ize` egwle ,xeng ip`y iznlg okn xg`ly dlila`ad alydy xexa okle ,alg zeidl izwqtd ?mipian mz` .iqxtd `ava miliiglip`y mleg iziid `l zxg` ,yiaka ize` jzg `edd ypxady lfn dfi` !xya `edypxad ,xeviwa .mir
ei mz` ,xa
 eze` ynn `l df xenge fre .fr ile` `l` ,xengiekiq il did `l di
rlay ,mixwnd itexiv zxyxya zipeig diileg did yiakdnxagzzy dxeva 
gi dl` ipy ly aeliyae ,selae miqxta ielz ily 
izrdy oiadl.dibxp`ldivi`ehpi`dy dn df ik ,sel ly mifbx` dyely izipwe izkld zleknl xyi zxgnldfe ,iqxt `han yi zlekna xkenly al izny .xengd lr melgd mbe ,il dxn` ily,iqxt `han el did 
inze ,mipy zlekn lra eze`l jled xak ip` mpn` .mzq `l!sel mb elv` dpew ip`y dpey`xd mrtd z`f la`,iiga zepaezd z` myiin ip`y f`ny wtq oi` . . .iqxtd ,uengd algd ,seld.zeenl` oa xak did` aexwa .dzlr ynn ily dibxp`de ,miaxzn mixwnd itexivrpnp izlad mekiqd 2.5.4.zeiehy ly dnixr z`fk iz`xw `l miigajldna minrt dnke dnky ,zihzt jk i
k 
r zixehx dwipkha ynzyn xteqd
in ,dpaez lk xg`l ,dyrnl .`ad s
a didi dn wiie
na ygpl izglvd d`ixwdzernyn qegi dlikn dpey`xd dpaezd ,`nbe
l .da jnezy dlilra rexi` ygxzn,minid
n mixwn itexiv xtqn miygxzn 
ine ,epiiga mixewy "mixwn itexiv"l dax,
i azk eze` z` ytgn `ed mby ,qehna 
g` xeqtext mr xeaibd ly ezyibt oebk,zvwna dar ezlbleby epxeaib xy`k ,lynl e` .diipyd dpaezd lr el xtqnye
in ,"jly dibxp`d z` lefbl" miqpny miyp`n 

enzdl ozip 
vik oiadl dywzn.(167 'nra) z`f zeyrl 
vik 
enll epxeaibl xyt`ny ,dfk m
` mr ybtn ygxzn
aer ynn df ?d`ex dz`" `xewl zfnexy ,z`fd zipazl zeax ze`nbe
 
er yi.xtqa wx 
aer dfy ,`id zn`dy 
era ,"!ze`ivnaznerl ,zegpe ixnegk eze` bivn `ed xy`k ,r
nl dnei` zelif dyer xteqdmiyibxd minipd lr hxet heyt `edy e` ,edn r
n byen el oi`y e` .dlrpde ipgexdmdl ozie ,zvw r
nd z` uinyi edyiny mivex wxy ,"y
gd o
ir"d i`xew lyea oekp yeniy ,eply xwi ikd xa
d `ed r
nd ."oii
r oian `l r
nd"y daihpxhl`dfa oe
l dnl la` .jitd izla oeq`l epze` liaei oekp `l yeniye ,dgeex iig epl ozii?miyard mipr
ndn xzei minkg yibxdle daaqa mexfl xyt`yk ,zepivxa31
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d ,y
gd o
ird .2 wxtl` sxhvn `ed .mi`iyd lk z` xaey dfd xtqa "dibxp`d" lr gend lealai
k ,le
b repky gk dl yiy ,"dibxp`" dlina ynzyne ,mixg` "y
g o
ir" ixteq.melk r
ei `l `ed ,dyrnl .r
ei `l `xewdy edyn r
ei `edy dybxd `xewl zzl`l xtqd ly okezd ,"ilaaew" dlina "dibxp`" dlind z` mitilgn epiid m` ixdxagzdl mikixv m
`d ipae ,ilaaew ieyr elek mewid" ,lynl .dne`na dpzyn did."xg`d ly ilaaewd liaya dfa df wa`idl `le ,ilaaewd z` lawl i
k mewill
add .l
ad lk oi` ,13"dibxp`" enk wei
a zernyn zxqg "ilaaew" dlindy xg`nmr eli`e ,
g` 
enr ixg` xtqd z` xbeq did `xewd "ilaaew" mry ,`ed 
igid.`exwle `exwl dvex wx `ed "dibxp`"xteqd la` ,y
g `l `ed mdi
lil miwifn rpnp izla ote`a mixeddy oeirxdeli`k ,eixa
 z` yxtl zexyt` yiy jk i
k 
r ,ltxern 
e`n ote`a eze` bivn.mdly dibxp`d z` jka migwel mdy meyn ,mdi
lil zeleab miyl xeq` mixedlz` jpgl miqpny mixedl mei` leer dyere ,okeqn jk-lk ,iliee` jk-lk oeirx df.xzeia daeygd ziyep`d zelirtd ile` efy ,mdi
li?
er dn,epixed iig ly dfzpiq jezn epiig zernyn z` lawl epilry ,xteqd ly dpaezddfzpiq dyr `l oiihypii` hxal` .jenql dn lr dl oi` heyt la` ,dti zrnyply zeihpbnexhwl`de oeheip ly dwipknl dfzpiq dyr `ed ,eixed ly "zel`y"l.leeqwnzeivi`ehpi`d jnq lr lertle ,zilxeb zernyn xak melg lk yxtl epilry oeirxd.xbtn heyt ,xn`l yi dn ,uiwda mifed ep`y zepeifgde eplyzexknzd"n dxdf`a ztlgen zeidl dleki xg` m
` ly "dibxp`l zexknzd"n dxdfdd."ilaaewlaey ,di`nd ipa ly enk (miilaaew e`) miihbxp` gvp iigl dghadd ,seqale`l dfe .xzei rexb dyrp 
in `ed edyki` ,rexb xtqdy miayegy dnky ,epl d`xn.mixwn sexiv

mr xa
 ivge xa
 dl oi` ef zernyn la` .dwifitd r
na xzeia daeyg zernyn yi "dibxp`" dlinl13ly dibxp`d `idy ,mv
2
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z` `exwl miniiqn eidy iptl min
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