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uovff ofi urn dry:"rnrnr:r{iviunrru4runvnlnalrdu
fl ir, vi tl6or tnFaor lmaxog fr -:-nfi rhurirnlunru 5u
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nol'u:ifl16nri nouif! rrulrrfi]rrfi, mqlfir 6irijE\r, qnour fr:-rfiutiqo, l'6m 6!t{ql, efl|r]i Inrnilr1 &!!1!
rfitirfinriedu, qt Xriu{ rirnri-rnouurrrlr6nrr alar doz5ni firl-T rrurnor:r::rurim: ndlr(lJ oliltnou;tni. lriin

lirt:m ihanu irlJd u641qa, rirrnr# rlir]Jlld to!'\nlrno\nrl&rirnr nqfitn laonrfi.rii f,uid virufirniranar:nrwinur
Plrini ltr,r r^7rttl]o"u lilsllrai

iatianDurtraroAnrl no! ln$rad iurnuflAndhu d ru.2tz lrrriyu-ro-u6urrllni o.Lio! n.riurrlr! 50202 furfir{i :
053-9424(4,943329 1nsano53-zzzn6 rlralrf,indl'|s Liur, :iT:tT ! 3 !6a! fiinq ico$dliali8unior:c ilrrar: lnvtirl
dadrlrfudluuor,r{orT inuovn'dod{lurorrf,&nd d$!oi lirnonrrIdnl duuriounrorr]:varnr:nilirlniuflAndlurrnjr\i
fiofirrar:r'i lornrrrhnLiuua:vr_ru:ir.hn4oq(wnatT !oho1 liuronT:ralfirior.rudowiru or:rarfl6ndlyrrl riti!da\ltiudrU
rorofu wel'itu - t'ttp,//ttup.o.g

ru:mrunr:ornauiindb a lJfiiln.rl{ 2!.117-2548 dGinlj,l nr.ibai oilrnirmnj, tn.oi.iim li0rrctflrd. 6.olj ri dru
ndn, f, .or.4fi f ,  unir!.  11f,.nr. lyr61!i j  rJt irenrPrd urunoureul F nr. irr ir !  id-urDr q !tun rr.a,:.rYtr irt i
aorillr.]lu!. rpr.or.iio nSol:lo rotlan1l tr.qrfr qrrlru?ar rolramimr or.5l!-rfi !{ndlr1au ffiir!(ln rpl.nr1rn1 au!firi
lrunsritiu Rf,.nr5flrltu r.lruerrro rJrrinfrlfird ,ia.nr.{tnrntj indori u::nn6m.:_mfifiandbD ld.nr.otral Allrioi lrran6n
Terr4nudriAndl nrlrczr d0Aiqfl6ln n:rlmr rso-rudrll]iland f,!rnlliysrnr0nilti i:n1filfiu.1 (irr. Bo du lrtlh]ir),
l6,nr.infi v!uii. ra.o:.rirtu5 d'!ortteu, ln.nt.inl !-onrra\r, ra.o:.ircr$i (r,/drrra!, ad.tilrdu d!!in, in.oi.fiqN
rtilflrfi, irll'n1ri i!fi'n{, lauq6 r'l!i1lo. qt|ol 6a,rduj, o:.lriwd ntl-rlro\r, nlrrr-uu-t] orr!r'ri!. ntt"ijr 6ddyti  .l
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aqJtha

Michel Mayor

rrrrinuriurglorialnri zool

ryr 1 i abet msein sciety firq:ui5u wnhrndgaia

tfi a,:itai al ni nulffi i n a M t u i N 7 -l 7 7 u 6!tu ifl I 1i i

1905) 1!!ou1$?"0!xiur ariolqrd (finstein Medal) lfiuri

1nnofi fi aor:rurriurr,:irarnroqrii!nlrriurda'Jdu
lariolq :ror"oiinrrlfiliun{us:nrdai tszs 7arfiil6
:r"! rfiur fi !fltlnru:n 6a stephen Hawking drunurir4oh
i 2004 6a Michel Mayor nldtnlaltdtlir:}| tivuro"ti

ni'rr uotrfiu(a.ruronr:raognrrni:tdtu crnao,rrn

nttf,nurrior:nr, rn':rcliuan':uru4iuv quaur:nfiuru
'cxoplen€t' n?$mndlno::or.;nrrrpf do 51 Pegasi'll

nejrnrr Pegasus rioi tsgs lnunr:'k annrl Haute

Provmce observatory 1u!:ctyrfitli\:tno (gaadui "du fit

na1 n17' 2 aiuulnLhlnau)

fl rThrn]ln"rrt6j'rxr exoplanet fi nllBrj0rtrJid!d!

rt'rnr!uJT \rri'rualliniuduriruqtlJ rdarJorofliudrfr i

nrd:vnrnnr:frurir'tni6n 3 nr lauarr:u':nfi nmhznrr
dafud 25 dt:rrnl 2oo4 lnufilnlnqrrlfirnn{ql:ll riu
arrrnrrc{dfirurnr$rniunrrgrnia lfiutautnnitlan
145 rrir; lnl::arnrrrlnfd!5un'i'r F-Ane 6n 1 atfrnd
n"arrfifi nr: rcmnnr:fiffJ6n 2 n?r: Insfilfnnrrrnroqi
aurirl{u z cr\:dilu-rnUft!"rrunrrlui!1J (fru'Jau1nnl1

IEn 17 Ll1) nronirrlnm:ar nr':qndi 6unir

6nnrulna:rzuarrqnriiriunir 55 candi

Gliese 4i}6

A
d

nr:nvnn:oaslulnla tfi gi

a,:inr:ornrnsri\:Eld Guopean Space Ag€ncy
x6E EsA) rirdu uru.rrtdqvvhnrruuirhn"unrrl6nn'ui
Gtnflldt azzhtFinuaolnlotiul {Pioneet onomaly)
dr:urr:fi arryr'r'ltinrutirh tio$nrrrtlf!ri:':ua,Jt:.r da,J
dduuli n6h?6afinr: uh dnnrus nr:lnqftauumdrrrc
ornrnhlorfl# 10 (|nd1aanhJda 2 fr',r,av 1972) $r
lxlariui rr lnnduaanTtJda 6 Lur.'iuu 19rc) \lrflul\)
nui rhlr rull'lnarqufi iia{lurhp-u n1r6 ruiautfu ir
6r:ufirclilc, nnusau:luuqit ri'ntlrdlilnd adirr:fl n
nrr:arfi ntjud?varufudrufiloun: udfr u"r:nognn::mtdru
nru tir:rirnr:i

a , = (8.7 4 tl .33)xl1-8 cm I s2

llfi nri':rdrrrnrrarfi ndatjr$fi anrq rtlurlnfi unudcv
n ruq{!'luornr noir!*?,:iruf,'rsdn:r lhn\tdrrnnir 40.000
n .n!. ndui\rdlnq rfilfifisnali! ni uuriunor n rndal
lludrdu s99:80 nrl. r4SorhclJtttrMtrvtc r$crnlonf,'J
Errufiryt{

nlr.riUindqn dr: rnnriuns',: u:n rdo zl  uudr
lnarinfldnd{rioulnlrdu durhorua{fr Jet Propubion
raborabry 1 fi,tllo$rim {tilrnrh lohn e"a.*o,t qi,ufu

uavrnaiduiorq ao i filvirr{!nrrsrurrn'nqdou
odrr::audrua{aur6urriuul nr:trnouudrvf, air nr:tiu
r4ar: 6axn-n' achdnatirornnnir nnrdrul riurnr::u
rlar:6r:rirunudu trrlvuzurna{d.rlrinunrrrFannrn'lor 1
!fi!durfrrl]n':rqoororh'JAdr! r.irr, rcnalJrtrdfinld
rdrrrfindrurdu sfln{:, u:,f rrh'Frn Kuiper Belt or
qiu:, u:uornnduirqn'lf,fi nsiafirlon ro'r udlriin"rln
d': aadaru:nrirlla3rrs nrrr.rirJi mild'

firnr-uirlinfriu trorriirr" fi tr a.iro"]afia0ofiu
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f,1 ti12

lohn Andercon nlchaGlrifrouriniuauui

laawia4 m ludtl

itrf, dndlra $r:rcarrunoa$nrrrtilintiu't aulrd' di
nrlduiu!"rui'11vnruu!1 !d! idf,'rlir (dark matter)
nouqofuurudrldi fnronarirurrorsnun'airaarrin
irir: rft :rvuadr:uo'to"$\n!ua$lanrHdlnl6qi$'luh$jlJ

fi !f, Eu 1f/. ryiT:u?rio!fluorzrrr-i*rarrlirfiu (r.ronnaf,aqrn

4 !f,frIrr{ulnu) iuirrnj]l,llJra rn 'stsing'Iheory" frlJoni.l

&!_nOU I I lltl l]lloa lillJl]lul l!'1 ll:'J3l tld'l lflurtl!?3n

u:uftilrhu6xa

i6nrtnr'rldo!6!u"ufr 6fi qnfi 6onrtduurudr:rl
aa{riuri aurinr': NesAlrinr.'hnlrlfi ni udfidrr6fr pse

tfnrrrn cq"\:n6irrudr drryr'Liriaun-fi fiarrirovdr:urudr:rr
aon}Idfu vlririaui 2015 udvfiouladn!fluduinirccfi

onru16{sarnnra#url\r! riton6ndTJ

ij!'r n duirurj:cn'r fio1l"fir:lrJ: vlrruraiu uol
firradudruio-o llialyhdu 125 druuiaqor.ri5 rfraor:1u
ntutvfl v40 t!tnl{nTfr 11]?vtulnlNqllndll6ul]o1l t!!null

rnriau s'0fr 6a n-nd5runlriil"unr:rnrnqia"rd:vnordru
n rndou llltlntnuu! rn 2 wn7 (tu1atnrynlntnu1u11u

fiuiqiduia 60 etuh&nl), n'r4udid'fl Iranian Narionat

Observatory !!dcnltinaulqnornr Inainhl|'lra'lfindar:
fururr nid nrrt r: nyr'rr:rul d'a tirrl ii'orlurifr ryi alril uq d
riuJfrl-finr::ie1d1uf, 2009 flrqliuni o'\: a dlrrreyir 0
ntwrunr:.6anrirrndf,:ir.t,trlrcnufi an yl',fllru,i!au!oarrc

rnrrunr:. nr:rfiorududuiur, o!, l]r-r, ua uoynrrdurlrlr
lAUUllUln-n Uu'JlllJ0l1!n? llllUU[UMef n0 ynlll ]

luqaunor$uo$J:;rYra

I lr.t. 25g) rf,o rcfilxr! tfigiinrwrra|lricn:r ri-ra{rhuo{0t nti l l l l0 t14ll t nnNl]lcnu ........... lournll| �ru: _4] .-z# lurl:nraatutorf, rllfitf,}|mr 80 nrrur Tnrua8arr

!u9f arGo<rNLa.

aoru"gift nrfl rharluriurrirooba

nru:i5rnrni finfirior"ufr z0 nznltau b4z fn;tr,a1u
luvd'nnr:trin::anruirur nra q#uovrrnlulod l-nn"ranri.l
iiunrnmariur.iuuriduhf l:aryrnlyru Inufi J d'nn:vr:ru
irurnrnniuoavrnfuTod lfll :vsrun::urr In:rrnr:d
Ecfi nrli'q oirrn doulr:y::niuudarloludr:tutn rdu
r.rnudnor,: 2.4 uLrr duw riuniarrarrrdlulralu4da r
rurirrndrrlurs rfiu

nrucn::unr:rldrfiwadlirhrfiinrtafi rvagrnr
uiwrfi hi[d'] !d5a udrt0n rir.yrrunr:arufuild 5 o-rman

csn"uori or uirlruuannauduvrur.n4 o"or.rfnriuu'lllrl 1nvf,ln
18'04'5r ruiio dauAXn 98'2q 5Z ncriraon :3firn'r!d{
2,565 !!nt rrnrsoilrirrllo rltnd r0) dorf, rrr.irroid'rt

d utlrcori o n uriuyd'tluj:: rr nba !onlrndg-l:lcinr:
o-o#,:4utiarrorrrnuovnudau:lnr:rnrdnJ ru lirrq
ininr:aruruuliftrfi nau6m1]l1l4 (n3frlq 18' 31' 52" Lxio
98" 31'35" nvi'loan rvq"lJn'rTrfr\r 1,258 $mr {rnlrd'u

Jrrvro!runorr:; :un!r:drrl-nrt'udnrtjul{uar:rnrn ni
ul, l \ t?l ln l !nlt !a\ l t tuulLu ouulvl l0r ' | l t luEuli , lu

na'nrn':f,o gt2 druuryr

n darrfuy:: nddrvrjrur fio n"r: ru uoqnrluriutrfi
rflundoufu:ri::nri uwacr{auud{ rin 3ti ra:rfiuu
(Rihhey - Clrctien) tru"ratfuihunudno"t$(nr!rn) 2.4 lnnl
du!::uunr':furndouurrLfu fi n (robotic) neirr6oaurro
nir:ruldlnua-nfu il6 na!owjuuud un::ruunru4uvuvln o

Karkas

A
A
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(remote conhol) ndar:1vr:fi:nrjq"rlnsil! lndar:gnrrdi

rcAr6nrner riudl"u uo:iurn:5ru:vfirarno ilvrirur
'lilunrric-u 

nr:{on'}r tiuunr':oau'lu:vduq,: uocnr:!3nr

itrnr:uridunlrrurn:rfl rfi Di!audltMtl udvn'tllri?rtto

vnrrdrlnr:rnrdniduaurin:uavonruiurirr: 1 rtrlon vr'r'Lfi

ar!r:n unrc d'ui n nrr! arrr:o'hnrt udttu"urr\: f,ru

irErnronl uov rr nluloEsa'rtJ:c tr nho:rwit: nrr o5r':

Iniad"run?1 i r!fi oyntdrunr:idudur,raqnrrfr iidatdurr

ri'rlonld

uanrrnnr:l-nda{nurluGaundor:lnrm:niud'r

titldrqiunrr'lunr:ofi {arnrfl o nn.'r't ttlirt1f, alnr:

4udnr*lMnuo:ou:rarrnrdni ru lStrruovuruuir:trfi
qouduvuuri dr:doufi nr:fl nurrlr': druq4iB!iYrul t{oc

an-rnrlaoh Inu'tf,qrJnroinr{qqiuriivrul uasor:rlroni

rdornoouonrliq"t: (site Testint) tJ:vtil4nunrrtart

ri'ouf, rnoonfl d,to;vrilfi orrr:nrtuuH!'lunr:lfnda,l

1n:yr:rmjld'oth':irl:vivrdndudrr:troroirr: 1 lu:ottfl uot

rcdll]nrr!rdu\tdrud\:q?qda! (Environmental Impact

AssessmenQ rdo6utiuil,ragorr uev4udor:mtrnr fr0"

ni!f,unrrrio6{-tf ru uit'rruqrulll[it:t'lfi aaEiuvlut,tr{

rcl riotfirfi n Ha nr!T! eia du ur n dorrui rrqrfu

drurl or art drrl"n r:rut a u d nrtillic"u nrl nr o ni

u urtrd q:lildrfnurlnd^r (Headquarter) irctfi d,l

nrr4rndouln:n::n rnr:uvlna fiar: rtqr riaunir:ru

tar:rini,i'uaovinrn: ria\r Athn-rrlldtfia$douJ]l0ndau
lrnrrrnriunvq nrniirurnrom#rr"!nnrudd':'lun'rdou

rn':rJ::qnilf, rrolifu f, dnd
'hidourrurul 

il 2004 ldinlrfl Quantum
cryptography uldr:-ru'lunr:loutiuehuour nrr liunfr: urn

Toraldfinr:'kqrgurn:oud'ra"ul:vnardrd{nau tio'lfi

rr:louriufirrloandurrndl qqurnroln"riirvunnrir,t

arnr$'dildduluiillliu dr:rJ:rn ou dru ri'r raz{rd {'lf,r:rr
rc6o,i rfr u liunrrrdu nr:ldqrg ur nroln-rriuorfiwd'nnrr

fri5-rurtr,:nrounirlTnufr qrgurn-,:nelrrovgnnftinriournrr
lnunr4dao-nnldull,{naudldrrnronaihifil;imr:l nau
in-urfi: (mtangled pan of ptrotors) uavudulunt{nouova{
iournr: tutru#6nr.ri:n"rwnndr:l Jorunt uwlnunrr
?-n6mrnr:firtl (poladzation; roul'{naw'r'1fi orrrnor dtru
rflurrio 0 unv I dr fiaun-uvr"r:na,:tjlru rCaldrflu:ra"mia
qrlJurhnrrlolrGrln',rnrirr drao':ruq"\tndrrfrldd{aoti
rdar6ouo'lrrnr 2004 n6jri{ud!du-rdauniuGa':a'r:ndt
hU:crrnooarqiuldlt:-tslo Des@rtes r'rn

qL,tJ

ffl8Ut!l'trr|

fi rnfirdlrfl oa\r (fiindlan zoo5" frirnulrlrn

6nTn:r:nr':fi onr:fi nnrrdit!oufnfl andfufi i?!nr]"u 25

rhurrm"rGndul6:lr f, 'rfrur"aliarprlnor4durmirfi nfi+n

risfldo'jr'Qu.nrurn Diari€s' lrrtminflAn*nr{$fi! 6j-ni

ororimvnirurirararnl:catlnrrridrud'r, nru6ortfru,

nrr!drriquoc$rillrinrudrttor'luiiorqi"drfi ndu alJrc

ni'Liaror:rurn.ldrlqf, i minlvrurnrnnirnniru uoclidanrn

ri or rHu'lrirfi ujrnr: rfl urinfl indfu 6suriirrvquurn fl rdau

udfi rduulJ dru nru ql uririr:d nuvr"rh arr nr nlrifi':

n"{ ldu Debbie Harris rinflindstf Fermilab

ali5 o rrin{drr ti ar ts'r ti ar: nr:n n o ot:t ou toavt't'a

MINOS Experiment drtadnuovor:ol'raqnrnfi rnifu lrn

rn4a,:tirto4rrntarl nermilat dn'uo{dlfi oulrnrtiulnd

un:0nrTn raiSioiuaad r:qfiuril::u:urr.: :rlrru

fu rif, 6inei\t'l zou{vdr:nlr,rd':duinir:rlrfl urinfl ind

:1tlft ntou grotnr':nrtvtnoaulurn'tltqi uoifr rirurfl lqruurl

gnaouiiu'ur6na{ tcat iuutfr ulnrrrtdrtirtarlnr

il'ro1ar nir niluufi auniun.nn oo n 0n

firr'llauhudrriryafi nl lf roud
'zriro ro. q t anhtm d i ai e s. o t 8'

o!]lfuiiurir:trfi

A

ritrulyli ,4 zzs nl. llnrr:drun:riuolnriuurrfior]r:{r"rr"nfroq1d'dldn
- BN 

rfiau,rdr:fi1oun:droigilultdr uonrrnd{eirudr:c;ld

r d q

,&,
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'hqfuurnua\,0 
zsnS i tarildudrsnlldTl Pennsylvania State University tJ:vtlnora:"5atlinr dr:

lrcrdudrrla\:nr':6ulrunruf,dndidrn-qirfindu:vul-tr:t ttor:uir:urnli$ uia supersolid drdur-a drvfiriqGn::l

zsazlrliriru{rjn.r1d'rfiunrnrrlfiia:1:rriul rfindrrurudr rawa$ltnurqdr: (superfluid) d':lraolorultiiu:t:drtruru
rir,: riarflumqnrJ::nruhilnvirulddnqrunnrir:rnirvnu udfitiu!11fld'nuruin'$r4!auowa,Juiua{d'ru nr:i{ufri'rlfi

fldndirfinduadr,::rnrir lnuoaaflrolnuoidrdfudr l lrn rrir rqin:':uroulnourniisrllarurndstnrlilun'o
nr:l-aoiJn'ulalllld]t Scimce trcrvtiaifijou trruf,nrutuo\ttlfi'l f,o $fffl oosrrer $wt ouufu I

rirrrurmdrrrr: 
&

nr':rrusdilrloiiooin
lui Z5+Z Er! Opportunity !!o3u"r! Spirit !o\r

or:dnr:urdrldorrdr:rcurcunrnr, a-r:nr.: ;;T'#,.,,,rilLT1;ll;Ltl#;Hlllil:lltff;l
Express tar:orrn'nliolnrnur'ir:q1lll (European sPace GetmionicZndensate) rflun{$u:n laudn;ilic-da-{n6irr
egemy) tiold'lno::auarrotnr:rian'rn-ndr:rrtdr,6otn"u a..,u..,aoriliasq ar r'loi! o ou d,:rJ,:"rqidro,rlro-n
rnuo'n5ruidr:rold'ornarurfuarllaa':1firfi!6t:r'rdnl]! nrrfinduro,rr'rfi (padi Exclusion,s principre) !nnn.rr:?!
rorrnr:rnufia{tor:frruarra"':nr: rYr:dnrxrirudldo,no,u ,,r,ir,0u4,luuou dobi,.lr"nqfi"-rr.,ruo-nnrrd,r:nnirr du!
opportunity uoot:fit:duiliidnururndrunlld'fiwcno! eorirhia"rsra n' uliuhasrrvduyru nraun-r rdurniu
undulon dudlfirfirira{ulri':rnuinr:luoto':rirohufufti . -e t .1, -1 -
r sirfu uaner nduru ro*u ao " o o.,",, oti.o: n uffi ' :::;#;l'H]:1;TH;11',:]il*1":
aa$nrra-r:nlrtiuld'udqu1,ld"nj.uJr rirfiaohnr:r du! 

'" 
"&

o"nuuvzaufi r4rtrl duqrqnnru"rsr Cusev'huruvd nrrnaaounquidlrinonlrrfdrJ
l8ia$ia ON{EGA uudr! uars rxpress tiuld'n:roinldn-'r rinor:rnronit,r.ldndarrTr:rr:ni parkes 1tr
r.ro'ngllnunr,riuu:nd0'Lirfiudrniu6!',ufirua':nrrdoo.r uuo.":.6u uncnda\,I :yr:ni uve luo-rrnqu lf,dunr
loaair'nr:itnr#unl{rti6urhrr:ntjrulndtauuouutfitd ,rrr,n-au 166 (Double pulsar) liun{uu:n In!{otr{d!
dncriouq.rnftr',o$nrrdfn.]: 

.d tiur',*."r#fin:r'ulruriuquunuoaqu:arn-rrar:dra
nrutir4o riawr"':u"':firnorrnnirlonuoradrulvi.t uqii
lurairfi nn'ir rn&ruid!aj.u4udnarr:lriddrfiloun: nr:
Awiuiiivlir lftinfl Andfl ur:nfr r:rnaouvqufr drifivltnrn
i' rJrloulaiolorrjldatirrlqndar:uriua.rlrndu

' - ' - - J i - - - '  " ' . . . i r ' -  "
' :

trrJtituiuaaolifi.r,!'fra Co, 61u) uac i'tuitt (ttzt)

iiililaoatta''tatt

o!nu! - UDltuuuu?ru$

d]l i lutud1u!aun tt ' t Iuvt"ldn rut{annquu{xn l

|'l!n lSv llvlnqdnlUUl1[]llOUdfl lT]1!lUn? l 1A$Ut'lU':tlU0

(Supersolid)" lntr Eun-Seong Kirn so! Moses Chan ui\: f, tJ1 1 E tL d I ol zuu tian 1i d

7
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wa:DD],ufr a: olnRcluwowa'louoD
lorialcr ti{Wd n dl sohiu dcu ll riu Flocssuri 21

. t -
Nqnd ltanfrn'

tuvrqufl dlfionrrntrlJ olnr:i tiul o6udnorr: 6a

aunr:u:,.:lrirrirr:d6unh aumzlaiahi

I

&. -;R.c,-+ Lcr" =8rGTv

nlnr:1ada1rri6oir rfl uounr#a'lusrrdqlualrr:oxa-s

lrndqanrnr:ndolulanurirrfind d'rurl: A (110!6r)
'lunqiiorr]uouounr: (1) dliun-il inodsilannr
(cosmological constan, dlaiols lfildrirtnul o''J n

nuirnrnm (1) iUrlFlllnrcirhnriwirltanaflliruruir
rannrlirlo{atlrr: fi nuoco{ad"lud'liluer (stati. and

€tenal) n6j1?fi4lonnv{qc an-rrlarurusl"raanlj nr:fr

loiolnrirdair rannnqvd'ota{otirr:rhiiiun:fi rn:rrir

n:w':lrlrrl (para<tigm) hlifi mnnrivtt l'[ua "uliu!fluuuu

!E$ Fr€d Hoyle {drdoirranrnwdoua{ad l$diqualdl

fi lirn: lorialnd6ririlnr,t 16or#rcdnsiasurnrr!f, tr tduriu

$':rvbifi $qao'ln1 ul"auiuqun:"d,i Ed@JsblIcifo

r',rud{au:nitr nrrdururlurirtfi larialnri{dnfi nvlrln"u

n.ninnldrfLmq}irnud urju rannnarrLl'lln!nrrs:\tl1l.i'1'l
inn fiurudru n,rqi nnlrltdafiarnr:

n.. - !na- = 8*GTt, t2)

fu6onrnr:driruruarutflnl oar:tonnr datirr:ttlrco!

udr loridrrldsriundrzh disrrruir#s$urr,#4tlr
ffffffffffffffff�nmsn @ufrFnfud'ttfurtl1rr:/fti'r'frJh Efigkins gtiiJ3ter

schflitzzr) i{Urw,S;[�;n trfrlhvnrn olnr: (2) !0udrn1r

u:r:Ifiuriru tfrl;tJ uuu

awiiuflo ifia,: Pasadetla ual'uaa a4Lia

thcu10r0 19fr

rsnr:ilRndlrildneirr6u rir a r:i ttl4 r: to nal d n

cun':lti$Trr 1 fitvnr::u t9m rio affr 06 6lan cuth)

infl dndunar,riSo*rinr ldtauarqtfitdu'lrl'unrlrarlfr'r
(inf lation) uo0 !annlflfi olh'lfi nnpfl nrrfi rin rannnau;:nl

nndu lnanrrrda'jr nnnndrunr:r, o'rn"raonluqnu:ntin

(early universe) uocnr:r'iaud'loonuaf nnm rqvtindu

ornnr:!aqjtar:rirn,:duriuanandt:lrurntlrfluqnu:ntil
uoirlcplrfi rirrloulrnlnd6ud otirul:fr nudr:urf irnqtfr

nr: af oanua,r nnn{qvld6.rnr:uo$ri udfi bii'ln:orm:n

lcrirnudtor:tonn d runtclt"$lolwnrtlu 190 lrn

m:Ffnbr snpemova rhlfrrinflsnilnu:risindtnuitar, t

tountlS dfiinhunw 10'-lrs,nhwavrittti (Planck

mit) rd!fi o'l6uFi'rn\tddfu urnrfi ndqn'lulonivrurnrnori

dtriu ru lorfi:roronri'rrldirlariols lrjldlri finrr ora rdu

fi rdurdldrfirnmirirn':i urio ranar, o,:Lfluornr# p1

ln"dudvriltininf, dndfi o,rfi nnlnurndua-nfr 6anrr

of PHISICS 2NS

(1)

?)i t lalalaii tdouttau dow,t1vfi dtttinanulfrinfl 3 n{

'{niFt 
ilirurulrErLt Quhu and Field Theory cbuP nt"':o!Ll u---ttudtonlo'
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fld z lalalnfilui''/nf,in{aw?iu auin'zgtflqaia Eduin P. Hubbte (1889'1s53) d2uauiAuilulnflawulatialai;a

AIM Michekon (162-1931)

6uvrr rd alrhrurrdrr n nr:ln nduhln': nrldurao"t:uar:
lannn (CI,[BR Cosd. Microwave Background Radiation)

rinfl dndf,unrir rlry"uf ronnnfi u"r:fi nr:uu.lu d'radr$ ti\:
uacda ldau rdurda'rdunr:not: n'raandrilinnnfl usrt d'r

oonadrurS{rd?,:stnlt! trfrt1r:Liaru,':rruan1f,''h n'rll

rannnfirrr$uatiruri #on6hid'i1 r?ifl indiidrli!*rmr.r

Coainn#hnnlnllm, fi anrrrroofifioad:n-ut luvrr'r

rquifi rir:lri!uuur'rno':ln 1 iarurnaGururirar:dtao
lonrDllraul\:dl]lttullurvrEn auu n]lfr nu']mi 0{n?Ean

uo! rannxvrilfi r:rnrurr0 !d'r'ton"n 6tTnr$f, i"ru (shucture

formation) ta$lann ldatjrr:ov6untrrfl cTff:r:oit\:tuiirlfu

ccrfi ridfi eio!iafi nr: or:frlaonatirr:tuutcdl-

drulunrr fi nnr:tartn'r aan ld's wJ ah mru u t u n'z

au?r.rrCrt rdarfirirrfi nqrnnr:d!rirnudua,rron,l dsFirn,#
rourannlfi arruluriu6flundssruqrxgrnrr (vacuum

energy) dr:r uduorudfi oqinurfu mhtanrn aru5fi rnu

o"wdrnauno"':t:ruqrgrpnlnf,a rhnl1D "u lJrlou d'0\t'lr.l

4Qrutmfi (vauum €ner6r darslty; firirhrf,wrnerialirfi a

u':r:nndf,aot (negative pressure) drn, rEn'lr!'jr r1uriolfi

rfi nnr:ero'noan (drrirui:fi afr rlfi naanirdln 1 r'lurannnr

fi u nnificzu rana fifiaoturun"raanatjrutiuurhau;dr:
nrrrdu niu u:,r'[rfu rirrld r$uu:ud n-s 6 nlniiu rdr a { dru niu

tranqrnrira'Jduat: tonnnd rda'ir!da.r#n'r'lfi ronr rrtursaan

athr: rir: udr rinfl dndfi tdn"umuf, gudroirordar:lno"uuru

umthrri irfi nrarnr:io{ mr:drnr:inauonru rdsurr

i]n'fian'i't afuEutduL-sw)

uanrn lu 6 n?J uuJrdu tar:n o"rruruicuanqtn
rirnudraumnnr 6adui6un'tr mquf (qt intessence)
or ruqd r:r 16unriu ir or q ufifr ur:rr uzrtir:lrif irriur.lrvnal
drsaih fnf, dnddruurr:ftirrirwrr:rr;ufi nia-r:rururu

d51r uwahoa\jlo$rrq lnI mz6o.hdti6o prio*E wo
fdndl! ltu(izttluivnnzar#2l drrlun'ruunndrr:
:cu'jrunolnnr':frrtrutar: rirnr:fi ulir: tonnn uovar q ufi
f, a adi$urnq!adEd1r:dfi n dluduxo"$avfi r,tnt rnnJ

adrul:fi nrlu"ulrirf,udur.lda-ir a'rrrrruinrcinoln'h3luuu
ua,rFirauiuaf ronnviriauutrqufi i6nr:iqcuundrr

9
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gJi s uaavanutfrultlfruaowzuudiwaotannnluannn (?J n NA;A)

riuoa':aanrrrflufi o,:linr:n:rrr-nfu4riatj",ro:rduo nr:

vrnoor:hrann irur'lu rru"u'lfinrrrdrd'qn1tnr:fnn:rl

drri-atir':urn d'ririnfl dndnror.rlurrnnr:flnurdrli6o

rir naud riurirno! sionruourniaurn rfildlgrui onnx
d ntalf zfittztu'ainaa:ul: rnlrirno"ur:rlfi nfi od
nir 70% tlo\:n?u u"rlliurd'turulnqfr torrranau 6r:rf, u
n"rrillllo d rit! riorrv!AA nrl d\: !o nnr { o c'n o"$$r u! o

n.rlrrnriolfi rfi naonilrdld'luorrdnuruvfia t1*n13ld el

n. rirr ii-r.rriru!q oon'r !ia nor riruhnihiu:ulrirfllurr: Ho"n
6nsioll !roro{ranirfrovdrlrnotirurfr dr:qsr"flli
lanrrrn oY.: orjr\.r [tt,lur6o itttiunit mataaioiiolttl!
(Big cntttch) f, ornodrrr'luronarrv!auovnnunbi

n:od! n:rliruirinrruriu}Idlioulrn

t. i-ruii'rrurufi qfi o'nuuchutltlFirn'riro'Jronn dlor:olnd

lriagrntirfi ndufrqfli{lirannll uursd'roonl odr'i}ii
fiodlia ItJz az cd nh mrd E mts n s itf, s mtd m a

azntmtnuh)

n. {irro"ur:rufi oririrrfr rdlriionorahu}l lreir:yt'r'hinr:
rurrn"raanroorannrriuluadrunru:,:!'r uacarrr"

o-':lnduiudavna!fr ondnn:arnU,]naonlrnn-vrdaud'ru

nroarnrnirurud'latiruidr:qnior lun:riiir:rriunir

mzdnnzmnaltii,oluqj frig n;p) r'rn w'rlfirannn
noruliunnaniirr:nloirun;}"ifi In:uo5rr:ln 1 ru6aaai

nr#rfl lv{ldir ranrnrqviffir.rudi qratir\rbfr qcldrrr

ornnr:fl nurvr"r:r-runqufi lairr: uuul'toor: uoro5rrrn:ar
n?Tr6t) udrnr:nfl ilnuosnr:nnoau dr:rioni.drnr:6nur
'liUvl'lO AUvlUUnunl0! nlO{l tl1tlJ ql l tuU0ol]nvi An d Bl\l llru

riruuviunon::ud bunirnrn rrlrrcn!niunrrudrrir

LTdTId-rvir!11nrrufi rrrudfr6a nrrrfinuorn

niuii,:trqjzo,:1arialn oreoclri'ldnr-r!fi nuour!rrou
n:r:ri-rdu nrldlnU:vnrrfiurir riotoufl dn dur'lIi!drf
u ' : n n r : : u i : t l o r i r i ' r r t r r o , : L i f i l a n r o : i u j ' l, . &

1 0
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nomuuaunr{qudqur4att  nVdwlnt 6nf'

rflun-r ranlf,'tfiuaqe od nln riutnvjr

'fiatdossindulnalf iuawatfilgaulna'

riolor:qr:.ufl dndrrir 1 luadn Li'ircvtir':rufiqn

uioiq,Jrurucjrriufi !f,un'ugrubifl indluqnrinrr ria

n orrir$roull srl*?ullrqifr rvnndlrdoulrifi'ln:n eirrfu 6n

rri ol rlun.rrairi rfu d'r rd au siaIU fl"\t our n n u dr fr lu du

!oruvrrr:raufl indtufi zur"l!fiddu4a trmt;tdat:ro6uru

o::ltr f,Idatjrr: dndodu druln:r:airwqufi iodldudou

du d'rsnr:fl noo\:r"qrirdovt6unurndu o::ltrf, fr q

rriau un dr:tfir:rou4l6 n dr u nli dulqr d'hrirfru

rl:rn4nr:nliurn{udaunirrdu n{r:ufrra{rrroir

tfi a n arhuhlu'tutitinf, dn dqn oi a 1 n fr n nt t

d'fl ci fi nfl d n {lua d n ri awritiw w0 ryrfi .t az tufr mn tn

Iqntht a o az'zud'r 6 wnl'nt

riofounii'drlgfl dndqnfl n.n.190s 1!rfitriu

ninurnrrdrirdudriarnriudu5'ruddrfr'rpoufl dndqnl ri
unarrldlduutat:loriolnf'lui n.r. tgos riuunur.rdnh
nr:rirurontiar:f l r1ati!f;utar:itrnnnran{r0r:ndfi

Io!}r.luan']aun1J dr: liudrurd'nautoruo"nlortfl dndlu

rlo$L

L nnfi f,#dotii (statistical Mechanics)

td rsos furmaifulnurindfioruJd rvurru 50 fl
udr loruriuirqrnn"n"2 l'JTln5-n.rlftra,: J. e pr& w fnoln"ot
(I-ord Kelvin), R Oausiu$ I. w. Gibbs [ovn!du1 tl'u[0i

!z'r i1850 liuf,url"r'lunaurfufinr':iurrornoqrwr4!
uaviarr.r4udounrdupni !nr:fiurutzufuri, inr:n"un4

fafi l uor z otirufnqlt

itrrvroil ntlrindrl:cola.lrrdrt5aatirr:urnlu
itliraunt: nao! umtvldrudrn'q'tunr:riruurtnCat:{n:
larir uo"arlr:n'ldfi norild jr raiarrr"n:d rndaulr,rrlddru

n!!o0ndon!'1N] illtdlildlrrvoiruurlJrur:! riudui
nllltll lltto

1905
Fna arfrnamn * uac AEn nao1f, -

irruailllnurfi nd inritnu na llrrufr cc'l-tr

uornr:rnoo,:darg:nihdrtar:lnulrifi ar:drr:a-unonraqi

r u!6! 6\:tir'l fnflanddlrlr.rqj riuln! 1850 lilrfiurrr

uar:irltrduunoon drumnlridun"tnn nr oni

odruhfi fi ti'firinfl dnd!]$nu "flu" eldl'NMo{t!

lqurindcrnnnnrnu{urut6r Inutda auiirrrurvnra
(macroscopic quantity)iln1d'lurro{I nlrlnd rdu

nrrrd'u niu !,rNliltd6fiuooii!1ru1or1n (microscopic

quantity) dulduri nr:tuuar:fu taqouo': uflodu Htt''l

iilinflandu,roirf nfr' tn:rcu ':f,ni oanrv

ssrq n rfiunirrinfl dn dirr an'urvfuld

uriunluqarar:lodolnrinu "1lra4a' fr u"uriur4oo

ifnfl andd, ut4qjd$'hildaia drlui'luitrrnfi cvlf, 'ovrflr'

rril! 100 0ud? rinfl d n dtlq nril6 nir o vnorlrirc v 0ia

U:vdrun-luuuutiuriuanr:isiolda'l uurfi nfarqld:r1l

ir6fl onrau$irrnn2rtJdrtic'lunr:liitrnonrani du

d'rnarr:idardar: rdu rio'ldnnnroniniurruGou ndltdur:

r:rlcra\irarnrn ritrtYtnaruriatdor: n-,:rtunrrlhni'ir

alnr nra,r ufla riufu raq o uunoonrnln n 1 arrr:ntndoufr

lllr nn-ran-rrlfi en riunrrrorill 5r:liuii'rdfirro'rrfi rn'iri

rinfl dn ddrulraddrl ariulsu or:fun"u

laialsi rfu niteu !a! Hafls Alben lul Iw

' 
oro:ri 1nr.) unnr{l]l{rdnnrrtyff:aufifindnduu, !{uuo:{mz, a3nur tnni!fiand lma'lffini|"vftu1{u t|ds

* i'oirUEru{u n r]nnrn_]lliifd
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r:rurqu!rnizau ufl odl6nr:n:raru!0udiaua$
IrJraqoriufu5rurir]Inu l. c. Marwel (1860) llNvd\:sio
lfi I notumam {qfinnlotj.rr:urduuav rf,ur orulrirur do
hirilnonranirirrni fi uciocfirrzo!n'rrrtdr 15rzou
Boltzrnamluno0n 30 idalr f,lf,itnr:naulurflnr:Iqr
fi rilrvuvl orn{lrarylurmr:rraifulnurfi ndunruru nr:rc
drulr,rqitiu rda Jr'&raqa" liurfi ur: n4ar:fi ovrrr:aninnra ni
l1,l11qU41drlllO\:[nOlYl llJlJ Aryl\:n ]lnnUlUl]lldQdnullolj2U

lfi nhblt{d,irufirnJrnT :ra':nu uudiurunrrriaurfl u
ta,:luo

usidrvr"u Boltzmarur "llraqa' t0ltaiaslod
rrrtrra'rurn rsrairr: fir:ddu H (eta) frd-rrJtlolr:turu
nr:uir{nrqoror::vudd lurru#urafllrlnurindld[6'n"u
twu luo ll]'r eo!Ed Id'] rlnur]

alnvi{nUU H y)nBJlndff ldtlllll'JSOnn!lnlA\l!O

nfoldqvfiul rod d uo:l-pri ngiodaoo rar:vrailu
lnlrfi nd rrnuo"nnrru.hrvlil uovn4vnonanrdni

lunnlfuIariolnri rJ::rn'u1o$'ruuo{ Boltznann $ov
liulrii$ llll,llnfl i n d !fiuu trififfufri-!d1uu'6rir!u 140-nn1lll a\)

nnnrosririuofi fi!rr.rda oafiuldmn$ru?oulainlqi
dr':i tqott gM ovriuhdnr':v$rnrinrurnnnronirirtnif;
lioug:nldu udriraa'rrudrt:dh.ldrn-ri ;. w citu. lteot'
1902)Idri{iqd?riou,nirrtu 6urirliurutaularialqrjlr
drurtulrildrn:n-or girl:rin

uoifrqHo':rura,rlainlnin"r:ttn! rsos liudlrh
r vm irrl-o{rnh u:ufr.urt6.ln r0nnon rn nir0r:0fi fiLJ4rg rUeir
fufi ua!arrl nr: rfiura"r:qrri rurrnrrmldno*rra' 8'raGi
qnrinlJdr:Enlawouner]ar{umri! unerf uraduhSir
iun rinorrurd'n:nrouq-ulurrnr sialrr

urlruoulofolorrilui 1905 !*o$ Browman mohon
rflunr:rarfl"a! ru ruaunnnrn n{rir:afin-drfuou'le unfu roqn
ro,iuff nl fl nurfu rnqora$ro$!r.,rd? loinlnilzrjinl]r
nrlndatrdra':ocaauma:aan]rir6n 1 uuft rri#6r.nnuoi:uri
fl t8z8 lnu R Brown udu-':lrifi1n:o6rlrti6irr,fiqlrnaclr
fi ur,:nln',:rquiirovaa':.rrnifi i iqdrudr rdan"uir
nrrl outrraulaf oInrfl u14arrdlrrrnrla nrrrlurafuda
ra\l H. Poincare fr drur:rutor:nudurr6nfii't Brownian

notiot arnrfiuao"n5ruduan,:fi':nr:avrfi on4dai 2 Ua':
yroilllnr.r.rin d

larinlrnia-zurunr: rndmrfr tlariocaauodrir 6nqrn
n'll[ ntr]lrl-u q! Itru ltr l0 r'ldU Aul-l]tf l! A e ll,lU ru3tll-lri 'l 1!

ruiroraar: rn a:qrnulfi rndaudliatirr:ov ricnrlclifi nvn,l
nNUt!nd1]]|! t ltnt!alznllltn-]vvlll\t&ntDlll ]1 n  ndIl

rornr:n:ll"nnio"unar:rdonorqjruli t qcrflullnruarnr:

RI'
(1)

3ttalN A

Inufr a f, orfluinfu o\:ovaor:rnnrnonli (nafr nir
rf,ur:r:nou; lloy R.f.l'r 6a rirnufruor:ufin, qnllaqi,

r.n;drrJ:;dvdnrrrruilorauirnu;iror"u iir: Mninnr5vl noar:
nriufuorurrnVrirrydri"ldriauiruurlutira{udr d'uril
9.Jnn-l1 n0a{!Af fllll]lnl1,|n'lt'ltllltvlll4OOnO NA t\tnnO

Avogaaho's number r-orirrrufu toqotouarltdr:fu0

urudorl Brownian motion lri!fi t 0 liutto"nllr,l

uarslfi rfiufirrrrr:ioqiroullro4ruirfu unfufl tg08-t909
J. B. Perrin tyuldn-rrlrnnar:drarrir Avogadro s number Id

6.06xl0a dr filn ird arr nir rir'lurhluiu (6.022x10" )
!]n 1UIUUn],] nlJnl ll.llJ\:Ud!?lqrr0 U.J IOQ f,

z wpfia'nunill (Quantum Theory)

dailnd'tlili 1850 r'rriud, rl, orfrfin,rdufl!

:rn4nr:oirrr:}'irir-urirrFnrru6'urnuru'llnalfu
I,L Famday iudlir dm! urjvinfiHooio uar:athr:1r r:-rudr6'r1
hrrorsiolr 6o nr:frnrlrrduu:r:hf,r-uriru6nd raraday
Id r,rniowr riur qufl lrl{r-uri rvtn dfr rirurlio njr': 6 a
Maxwer dunrrrro:rln4oi-rr:1vrrr:1r1fi rrrriuinluodn
v",rvrn rrirdrtiniu rv6o rfi u$ a ornrr dulfi orn.nndu
urirydnlvlfirtor:uor: u n Erirlr u nr rlirir ua,iu qir n n r tl
dru 1 16

flnnludrriotor: frrlnrr Maxwell flindludrr:
1850{005 iuliuf,nEl;ou Bd'r l!n!n nnli!]ri']u 1 r,af

n6i11urjr 6nld{radr{r3\:i"$ Elnr drinni! Balmer(l8€s)

u0! olnrrr Rydberg(1890) fiio"nn"uludr,:f uonrrniu-,:

finr:r na orrfr dr ri'rgdl 1 rdurduorUnnfutauuo'trdu
nr:l]qoorrluu P. Zeeman (1896) dr:nrulo"':vi l iran

1 2



,%-ry71zf,1xf,Andlns fru1au-ntlvmnr2548

World Year of PIIYSICS 2(n5

nr:r qroo,: ruoiniirhvlutf atirr:iiulunr:a6rr:inrn onr nn{
n'rouri!

'Tri 1&53-1854 B. Stewart llor G. Kirchhofl 6r

niruuuqufioGururlar:nrrqnnduuoruai:"udro':'l"nqni
(black body) lnurn "w Kirchhoff fiiunurnr:nfiulna
muirforldru'lfi nrlr':ofl nurerqdtJ:narfritiunr'rorfi orti
unvoltnrl :rln-rorrr:nr,nqrn4iiuor: n-nl6

rrnrqufiror: Kirchholf jir fluddunrtsqnuc\t
iid"\:\:rlJ U (y, T) --p ( v. f)dy d"rurju nrr [ein d! sriM 6 n

},h{rnlurd y dqnrv4! f ovlrldlniutiorrorrr"nqdr uoi
tilkftlafuau.rMfhnrra':fl uri& u 1v, t; ld' orn'ivriu

fl 1879 J. stefan rorir4n:nr:uai:"sdrvf,aondo$fiJ

JOau 
- ro doolor.nnfiudfiia Bolanarm oru:nfigd

drnulntlnnnuavr 2 ua$t at$Inllluno

liafiui 1900 fi{nr U(v,Z) f,a\:{rl:irrem flAnd
l!nu!6! lf 160]otud?um r!frt0i'r\:n1J ho{snuou W Wim
(1893)

u = !4!l "-t'u t *r or'lfiio v -+ - unc en au J.

a ^ . 2
Rayfeish. j. lean (1900) U = Y+- kTdv ldrio y ; g

c

du4n:n"unat:frlriaruroaGr-lru,isn-]rvrnooulf; 6ro ({nr
v'uoauluurnrrrdldrirn'ri lr, ft uuri M. Planck vrld
rruxo11l)

M. Planck 6u!,rurtr'rudirtr 4 n:lrd lnu}lo':irr"nqn'r
!tcnaudru Dirduul]ll tdisd Glertzian oscillators)c'nnurln
t'r:n-rfuror: planck orllc$rlrt]6tdtFnn:ouirii"6u uluu

f.t Thomson(I89f frId louaru"fidr d'qror: or"rdi1r6a aur:n
gnndlno",:,:rlor ndu urn dor sos uaifud ao nrrldatir,r
ourpni

rio'rlljorui 1900 Plan& frdr:rr4n:rari wein niu
nayleighlnurdwraulvr:f, s rour"orqn'rlu3 ro"rrr:rlroda

u(y) o\IixdufrInrr!fr v InE dS=dulT ,rov

U =""', udv ,t-vturrrialyudr U r'rndnl wein

uo! Rayleigh fl'rdt'uiaqlugrJro,rroulmi S soun"r:oar:

nn:!nrrt]dult'udrlu lnrtrauirqn:r"':aauourrnonS!

rrlrnnlnr': raulmfl iaqlugrJr"rhJ rd arniu nunr: rallnal
l4rJn"r}Jd nanct< f,wufi nrirnr:d z d'r d':r-or;rJnni1l}.lrar

4 n:n-n uln uor:na"r:t:ruuuj'lrarir vl6'

U

Inull d,, tulJnlnur

ir{frr1uri?E\: Planck

lulndt nrlid

6ntar:r6oun"nur Planck mdu]ta{0tlo"un6jT
louria'rirrlu!!:cnaudru n"rduliururrn iqndruav
ut.i:"r:df,'rs iurol d[$rudhoiardau e llnrrniurru
ror.r&dinnd'rftrdrai6mluuu disoeb nrr'bitnuror]lvral
in"orutJor:rnrrnrqufizo! Boltzmam f, a

S = , t l n W

lnui W rflu nrrr rqvrflurvoifulalrfindzo':do.ruv
rumFruofisurJ r,rio .irrarrmumlq:uu.d!f,ddd fniiqn
mlr!?ln,r g = ay q:MQntnltqlnll1utv!na

-- 8nh vldv
-  

c 3  e h v t k T  _ l

q'rnCnlou Planck rdo!fruui'u dn-r:lrnoa$e?dr'titn
drurrut0r:#rtauarrirnr:iua\: Planck h uoctirn'Jdua!
Boltzmann I oonurld uavnrurqufroaftor:uffo rir t
i4ua!nudr]utldlri /( iunlJn'nmnqn!n0

lna R = Hr'; d'rniuonrir i lounota0 Planck fidl'r'r:o
.l,]llnl Avogacro s nranber /vn ltl

nr oanndar:loufio\Dlquia, nndnrdnililrdfi fid

lfrrn5rurnnonronirarGr'lunr:o6urunr:rndarfr uuu
Brownian ni! iuqfiSrl]?linn'lauq-utar: Planck'[ri

-  -  -  ,  - 3 -
Avogaclro s number ltltrlnu tUUrT},:U1lUUOglUfl ng\t0u

qlla,:#ir anr:lriia rdortrJl:nou;rsaqrnaodrrto!ralJ
llntulnr]n !nnutwn?ogr!

atirrrl:fr 6 ptanct< drsua':ilnz"tJhioiatiootia"

w#o'stwfi amnfrziu drufl d'uurudsdoanrrf; o ndt't

ruriry fi rhfiru"r: rf,lrliur rufr rio lioua d rirrnaurS':rf,war:

av3dv

e b v t T  _ l

d-tltnmldrrnnr:rnaas rJ:rn4

Ianndaufttnr:vnaar:rfl latirr:6

Q)
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lariolnrillfl rsos

rilornirr:ru rr'nqoid':li lrr':i1nrulul,i!nr:

o*4ouua':otiruolpni Lfi3i'rJnr6n 1 rdolluou laialni

dannrrfu viitrd:odrun.nrlo'truuio':tadvaf Sfiun.r

rddulurjor:rliurn:fu:rt y fixiu[f, un']rrrdrdat v lou

irn$nflol] wein llldfir]n-n

Ek .  v
J - J ^ = - I r" h v v o

lnud so riura r:iduiruauluJilrn:or"r:fii vo durn

njr y dariuufiuolnr:roriTrrfl p; d rhn"klf ourrir

nr. rirrcrflu w In u durivriiriur vuu rFl# Vo Ffia

urn|!ruri] o-,: $ru u o,:'tu n rr r ddn't:ur n

E

(v  \n
l % J

laud - f,a work function viafif,ard,:ml6atlldumor:
6 r6n n:oqdulorsduiiua dnfu tfi ortorrlorz

crnnlnrrriJnoirr R A- ra lkan ldrirnr:Tuno0
athr:ovrdsqdlLIouvl.rorud:vmvuovrllrti !nufr
loinlprivrhlruli ranernfudiorlfu r!duunrrrrdiquuru
?o,rro",rr:ruqoirlrfr drlr:nqrrirnr:iuou Planck I ld

aoaadosn"udvrl6'lrnnrrur.iirduou?'nqn"r tir lfl ull
d tLtiltulnuln!aU_l0U$

a"rnlto\nuro\r ptanck uoc lainlni?iuirrsuoa-rr
(n'rfir) $d3 uar: inrudrr{uri E = rrtv u6u!n1 t!

Lidoria,:touro'u,:rurdurdurrir liuloti!dutartnr:ri rrin

rqufr nraun'r d rirlnqufr ro':4na,r ri rvn arfilgru
'luo::rarfi 

du!rinuro':ndlue"oqnrn Liir#'roorr

usrudu

loria1niuov i1905 Olt'fl irrdra!arcu.llrtou!u.r
uriourir nrrudr tir drn"qdul tar:fldndlwnr:ru teoo

1rjrfi uu uoi rilln iilfutar:nqui:r n5ruror:fl d n dq n'trari

athr:rqufl nrounir urirfl 11nGlfi.na':nr:uJdaun:"u'rtt
rind (paradigm) touuluddfi oioo:rur fr ':al ri'r r:r'hi
rilotirudllur1nr"ud atjrr:rdu nr:fl or:ltlrixl ironrr
:vnardT uornoruo:fu rnqo

ffiAn{lan 2005]uJ,/rd$fruturn:'hdnrmrml:au
too luaoro\rrlodalrdrrirdu udrhwrilirunuidfi
arrururudndrt6unrr:'rdnnlrtUdauurJ aoitsrtra r't

ualn.zvuruilriir gr mariasualrriulanlfi riuadrodi

!afl{'861\r6rr (rnu*rtl)

A. Einstein. (1998). Einstein's Miraculous Year: Five

Papers That Changed the Face of Physics. (1901 ed-

ited and inhoduced by I. Stachel). Princeton Univer-

sity. USA.

M. Planck. (191). The Theory of Heat Radiation. (1914).

Dover. New York.

E. T. Whittaker. (1960). A History of the Theories of

Aelher and Elechicity. 2 vols. (1910, revised and en-

larged 1951). Ilarper Torchbook. New York.

rsnnrurilr

inHriau....

rlduulrficr:.lr nrr! roc!fluilio r furaqa du

aqlurJi!]n: vo o*rJoglur.Jiun: y d,: riudrur.dr:ta':

vo itcl.J.r;6 v t v o dolrdrinirlnllrolorflu6o:vornn"r.t

nrurirqcriudiuff'a r &ra4araaq'llr.liurn. v fr6u lqni i
(v /vo )' t',rlvn:ufiunrr$irqc !i!i un'J#wluqrntfitnnr

4 rv}.JoX'luJiur: y nrrdlafolnrirarlddru d'u

fiulndlarinlnrifrldua nunrrrndrnqloflia du m or
drruir uar:rosr0uolrna uorfi tauauu:iruul6oii
arurtnaGlrtnr:rnn0$Photoelectr ic effect t l0{ P.

lcnard(1902) ld d,rlunouriuriurfi uun.nlduar:tuiorirr:
n'ulouwinr6ur udzr"n.l'ruluuacn'rrutir uata-tinnrou
duonqrnirlorv dulainls muhlnoniniu ltrurra,t'ir

i'r ulduulauc lirrfi iqdu na'surrnmiEuqruas6rinn:ol
ovdonndatrriuorn"n

E = ziv 
'hTjurt-rtfiurn"! 

Planck n-turlhailiuuo$lcuu

(""')

(4)
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 O UUvU1

riootJfiuTnrsco€JrnnIuIaEJ-arurunn'Ifl tta#eiutJlD
n.rn5l,lweind nru5n€J.rfl16os uh''t5nenaTe,USwr

ualJnT mnatn$ "

dr:uq! r.fl. 2536 riudrllunnornr q n:ni uovm4auio

il"u rflufi'ur qlldrur:nair\:rnior:rniarfl iiu.nr:drui6

af, nrnaiudlrldfoqdrulurg'lurJrvrvrnldriudr15r'hi r.n.

zsao piornhi r.rusar nruvfidur-r d{nn"': riosrJfiriirm
-ziuurnlrlaEqrgq,rrntla!fi dlnlru (vacuum Technology

and Thin Films Resear.h Leboratory i \"fID" rfroflnur

i{u uarrinur rqrrfl r\:6ruvrnfulo6qqrpnrn uadrirruru

lnurc!$rilnrrflnurl{uttdvrrirutl, lu 3 6ruvn'nFa (1) d.u

fl dnduovrnnlulo€qrgqJrn"rFl (vacuum physics and

technology) (2) dnrrrnluloEflai}luru (fiin fitns b.hnolry)

uov (s) 6-unral:;qndLYwraTlloEqrgq;nrnuoddrur,:
(applications of vacuum technology and thin fiLns) |rdv

duinlifi (a) urirauinr:irrnr:drurvralula64rgegrnrn
uosfldlurrl (vacuum tedmology and thin frlrns s€rvices

ulrrig fl!lllidlfiJinrrirnr:urimirt,:ruuovqnnoinl'h

n"r'h oraanurfi anrfu nqun D!Suvnrl6awa\nrnitrfl Ard

luotrii lnu1d{urlunriunqlnr:ir"urrnuusirrludrrr 1 rdu

drfnr:runouproduoqln.T li qYu (dl"ru 5) uuUrs}l'rru||iiu61]/

{ul:curmrruld' uo$rl,lriroro"u1:rr ror

dn in"rq]ft duiuarrfia\ firifi nnh"uriixrn-uuaE

n"r:uoi 1t1 nrrfl nurifurdaofi uoudnrrlf,drunrnllloi

EalJ.Urnrf, udsfl drluN (21 nr:flnuriduuovr{our rfr aoirrt

dudrurniauiauoaq n:nl drvfur:rudirlrrnlulo€

arg rgrnr n un vfl drurr: rdavr n trvunltrir rf,ra"rn lii$Jrr !v fl
(l) nr: fl nBriq"u ua vviinrurnrd:vqn dl6fl iiurrr: dru{uuu

6'uqir\r 1 ldu nr:ndauufi r: nr:mdaurCan :-lrdlurnl

rmmda,fi iiu.nr:uau rmnda!fl ifun duiu\rlJo-!6fln-dind

(4) dr rfi5! $dcriarurqnnrn:uo$drv rfl n drurr nluloE

'rrdrlu ?r n ourfl firr"d qi6ufiu 6o n-:rndald:u

nr:iio"nuru"rfludurn6ourrr:"1 6unir'qd!ui!t (thin

filnIr)" !!A?r"drlluodqnr:rnda!drutvrlr{rlnrrrn!

tur':w :rn":duvr'rftXrioflqvrraduurndarr i'tinrril"u*o;

lrisrlJr rrnfinnrt rndaulu4rururnr n (vacuum deposition) d{

uriurflr Z ndulraqjha 0) Chemical Vapor Deposition : CVD

arfionrrunno"rrouf, rrrnfiluan.uuff n uovtfi nlifi iurtnfi

[flutrnlurjndd,1n-lan"dq ldv (2) Physical Vapor Depcitim :

PVD orFYunrlvlilf iov0rouar:rn6orrqnoanornfi rnr:

rndau u6'r{unrvrru uir{uuovdn fi nnitl fi rr"n q:ouir rJolil

1r,.:un.qno-unr:rmara uri':'[rd:vunhufi nrair r#o't rn6ou

l!4qrU rn rnl,. tdrrninr {d]1]luqirirnlr!ndo!Lllu PVD)

t{n:,U!n llll lltl1 lFlOU01Lll:ULlIO[t\tf 1lHdt llJUOlaqJ

ur'lufrunrri{a$n;}irusrrral' aEiso,:urvrrnrurr

tiuio{rio umn uo a dru'tuqjr vli n"o o {luo orrjunr: f,nu'r

rvirfu rnnfi lr:rur:ruavrdanta':tn4autn6oduqrgrgrnrn

rvrui- 4tnrnid:dvqjairofutn uldDrnindr"S-n.rd,r n r!r:n

i{uuo;lriruurduld'turl:crrn !iuu usiurudrlldq;da{nr:

n?-']uav16an}llnlunrroanulJlJ/dfi u dr:rrnvr"rldfr ccdru

rl:fl u-n,ruu':curru'lunr:{nt'a rnioufi aifi :r nr 4,: uaairi'rrn

oitrl:; mnld'

nnnqr:rimn-rrnfl dnd no$irtrtnrdq{ rnn^fl L.rniu

r;:m r.irlo u z a. qz d':i lu u q w 1fr tui'lriorlti6nrria-ur)

uncnrucri\rlrl rcnoudla 1fr.d1n1 Ae6, n.fr61qi

?vrA!lJ4 (fl qnnltlla\lU4llnn lfl oU'1). altttllJo 'l r?tt?]

udr a.dqa nirytaa'nvd n: wrin du ar r r dr d'rgt a rr

ryr nfi llodiirian.nrinurrJ:c rrfi r-'Jddulirnrrfl nuriiu uov

rniur nludor duir v nlulo 6 qrgrgrnrn uorfl iirttlr ':d
'q?drunronrl, 

rri rlr:'i,n, nil,f,and nrwivrurtlerl rr1l Lrrdllrtfi r.rldqi
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qrgrgrnTuoddlirs (gttuln]rfurnrdr MnluloE
qrgrgrnrnuovfl drurr:uriui'rur:ruuovqaaori'rlU uor
(6) fi u$uliuf, riJdr.ltrft lrnr: 6wrn:oorluocm,:l i'uhnrur

unluln6oqrgrnrr uadil'rttlrrloa'nl:crrn

lldrutarrn-nni riu:rud-runr:iq"u ualr{rJ r fi a$

t1fiu'f,nr:ir-ur r r:firn::loanrf,u 2 fiqn::uydn d\rdfia

O tnf{sltttti$nftlunluln64qryrrnr riu

nr':ir"u uoariruur rCoaon uuuo5ra 0'udlrqrJn':niCu5ru
uovri riu'h.r':rudruqryrurnrn lnu nlunrrldfoq'tuJ.:vurn

nl oo n d aulu 4itw m a; wu ai n a o?lrs dtufu rnullaiutru tfl uraa"n tdarn uvrunrairrfinndrr:J:vur urir: rfl u nojlil"u

llacliBruldlJd /qlnrni6']rqqqJ rnlfi (vacuum pads and

accessory) lirn rtoa n luud5,r\J0ud?ufiuj'ruua\tf d

t Fl ot n A aulu q ry ry 1 n 1 A7 suu all, n a I o dlulu ! 1u1 {u

iuuuuqralxnlzu

nl a't n 6 a ulu 4 q ry t n t A 1 luu a i, L, al f d1 n 4J n 1u L a 6 aIJ

frlluw ftdfuqra1$nfiu

q.U.!,ln'urlu rnf$tlri nrrwqqrXrnrr r#a,:guqrgrgrnrn
via rrdrqqrgrnrn qanruqrtli:!drgruTlfi 101 n6i!i{t

uon{rulrmlatmdauluqrgrurn'rn (vacuum coater) 6il

nrr flrunfir:flin d ua r ryr nluloEr,ll'riiurdar: uoccl r0trdryiJ

n'noontrul diNsordartuilu rniar:rndoduqrXryrnrr

rfuluvfill{truarvd'uqndT/n'fi !'roi

@) nrri{uuncrl nfiurmlulaEfldlurs niu

rmflnutrl"udrufl dndrar:f, drmuuorm'tdrrnrdrrurwfi u 1
[tj$10! nq'uf, nBTmr#unuocll-n"ruruvra'mtlttorfl drturu

Growth and characterization of thin filns) !flum'zflnEr

nor:uriryraia rnwlunr:tniul naancualff, [avdnrflc

tarnzzaufldrrul\t nrpnr':radauuir: ftard coating) rflll

rnzrn6ourimjfl rhr:ornlddunffi at:tirsrudo rdllrrlrrufi rr

rdunr:rndaufl drurrbynrfiulllln:d Gtg u! lnnfil

r,r5a qanaJrr rfr a6narqnr:'ldr:ru rnr nrimr':rn6ourio

n-lfld?U\t]u (d€corative coating) !flunlflndau!fi oliilT

a:ruS rOuft lnrrdrr:ru'triin'rrlora\rr! ldu nr:mdodoltc

fi rirw0'u':runargn rdu m:radauvrar:dnnrSrr:mlnf, udr

rndaurh-rdrufl futnr:anirfi urloonltd let o; dr:fi ouunuh

6a rf uf, d!urr:dlo ua cfi nrr! ufi r:nlnrtind'r1]6n'rtfi

rfiii'uar:raud#o'ruuu uor nojrnrrndaufl durr:uoo
(optical coating) liunr-rndaurfr o idfl our-nvnr:uowao
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'+#-d{ 

tatlustil

iir.r'rru'lfiinll"f, nudar:nr': rdu nr:rndaunr:0nlfi d,:

i i 'r!!n'rraJrun'r"rlu'rrndu raianrrrndauduovri'au

(anti-reflection) u-o nltlndolJnlrqndlriaun'r1}lia! Oeat

mirror,1 durirldlnu nrr rn d a!fl iilurr:1ni rfi n ni n a o'u n"r-

ilil'un':1nr.lr riufr'r

rra!ntrtva{llntnnllttu'1 uulntv!:n tlMn tl

luo"nurwdrr: 1 rdr nrlilnLhlnnooirr: 1 ldrdrf,nurrdurur
rniorrrn6o! uaci.DLJnrrur:uradarrir MnfuInEqr!rlrnrn
ruodiiu.rrr rinlonro'lfiidfiinflnurrrnnnrfirr|r$.1 ri{d
rFr:aurnda!(uqqJr!1n]nto$vauu4lrnn'rr?aur 111'rru
:r! 6! rir:q"q nr:aur urirl n n oi'rlJhfrf o dru 1 rrju
"unlllodqrgrgrnrnniunrr rvandrruoncrun::r"
"nrrrndodl4rgrgrnrnri-rn.n ::qnoirrr:qndunr:1" uo:
"n niaifl uoilr:ql!rn"n rn 6ou e-r1o$c dr a'r-6 oUn rn oiu"
uonqrniti,r,i'nar:rrlar: " yrnlulofi Ergrgrnr n ua vfl il'ur':
dl5ru- uriunorn:uor: rlisvr 6rnn vnlulod 1rJ:vyrnlnu;
dldn ri]u 4 iu !!a! !3rin !?d!fr5!6inan (ul'r si!)

.l'tn"or iirlrl 3 !l uanlrnitiuinrrliniuusrjr/ inurdru

!11F |l]t0tl qrlJru1n'rn u0!r40'lu1{ ora InuqJv'] n11,lq'rr r.,r d n

ooanqurirnr:fl nnridsfiulurdruft norfunt:fl nur unv
J|nqnd'tvnllltv nu?uaur"lu llrllcMnanuolg$t,t'J

!e1!ul,ra\ru4!nnlt?{u!nnlr.r l0a{ruqJ1n1fi l l0!

iiirl!rrfi a{ruir"uuosninrtrrdld:lunr:f,fi urirHarrrdl
't -1fl 1t In vnlllll v!! :tll n1l ]1u ll.rl ! nlJl]]l.r1 1nInrlrnLr

r3lrFrni"r 60 Gau 1n'uun! .fl.2542) n:olnqlysu$ltl
drlrvnfulo6qrgqrnrnuovur!dr!rrnlulo6fl drl!r\:
lJonr'rniirTuii\r'uidufi!lluud-]uiJnrnqnd rvmt!urud?!
l?r0-0nrroantttltl ttdsdir,:rnio,:rniau'hqrgq;rnrnrurn
oirr: 1 d'rur'nquovdrr:flfi aluUrsfl n,r'r.nrl 8 lnia\r drufiJ
rtru'lurvor-uoir,: 1 lr'r:uli,:ruil"adu5ru lirru 4 rnior:
riuii'uduuurdu:iuqnd"rxnrfl qiu?u 2 rnia,: soc
r:rurnn-oufiuuuJ:vritqnoryn::u liuru 2 rn4or: uec
ar n n.wftlid'fladru ria rdar: riunaruru!ar: nrueinic"u

niart nF auluqtytyntn*uu alnnalo dtnluotuilu iu

uuuqnalvnTTu

tm ao tF a ov uq cy ry1 n 1 aTauu 6lu u tn o1t d lut1J|luLa a au nu

tluu1!duq, ar4n11u

(2545) !!oclnrunrln.]:ii'u uovriaurnr:rndaufl durr:
u or urfur a 'rly y r riiu uIuI n: d 7r a rr ni dr ui6 afl or r or oi rr
laaal]|rdnfr udlniuqqdrunrr!lFSauUr!d'u (2545) 0ndl
hJlf r:ruoir:'lurnqn orlln::l uocl6iln"n rdanlfi riuxi[h
rasruic"g rrit,t rnlrhlifl zslz dr:! nr:uau:r':r-oh rda
fild 17 !n:-rn! 2548

nll / | :UStl ' l tre l !n:otttDgDgE{ntl | � iuttt4

rrnfiarnJiubnrriiu'tirlfitn:r:nr':il'u dr:ldfln-notirop fiarrr$riim€r-atnalula6argrxrnrlmrfidnnu mairn
r'rn dm. (dlru t dTr 3 &n'rnr:ld'ui 1n:'rnr:nrril"usov
lis!urnr:rndaufl il'!!r'i nrrfiu uln:rJdrui6ofl nrnairr
duiu q noun::r raio':rJ:roiu 125+3; In:unr:nr:il"uuo:
niruur rnior: rndauluqrgrU tntn!fi onrtfl nu'r IorAnaut!

find aruvfugrnraa,l urirurn'ug:rr r.uauqn
o.riorr rrnqi 20t3t 1n!fllri/Inrd'r: (038) 74F9m
, io 3084 t lo httD://vttf .buu.ac.th nio e-mail:
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*o (H.!l!'m) lsirlnl('lrd"h
doriunrturrrlnlr|J| Ifl dalo1|

mt0clitor4

tlrl (PadiE) li2n{rn{lrrl::B/||t
uormrltru rdloollll larhlnl

lr$J0ft{n rtrru!

loddlr{rnq 17 0 rJor!|oufntftr
d A*" thnr6tdl

ou.n (Maj.) radnddlrtdllo

niMlrlrnllll'n (Mile Mdic) llorontroallL {u"* ,r,tt 't)
dquo+r .n'ftdtsin

nr.lifttinDo Elsa L!l@tn.l

-
mlinn]]llDu$#lcou llr (6u) rtu M.rEot (!n)

gnnrrfurouar n* am.qun)tu Edud(ilu) lF.i.lel4
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no,rir$rldn |UDll! (n.r. re4 i1lr{o'1|lnDrlLridvaaul'1

JtLftlllluaCnr$ r {r!!o fi|lilo{' (nr"oi(or!r'i!'nr)
lnauai rd #oblofir qa:Lnul!

(!,,l Luu,'rlddo,ilr'l Ut!Lnii${!l n.n.1e22)

Ir.@ JoLiot ' Curie rrr|rl(guuriovuirlD{uJ (!1r1il)

[n.i. 19481

nru*fl'!-r, !r!1 ftldLddlJ

dnT(lolt! (ri.i. le30)

dtJnr! ft !;lr irtr uroulj!'{nli,rad!'l
(ta$ ciry Lsnb (..i. 193r)

llriauLdnsaJi lrEtitut€ 60r Advanc€d study trninurd-u!tudt_!
1onal'il'iLatrn€uflrrnianl

ir!rruslnrirauonhnrrunfiirvda6€ Maiso(n,rna )
rdlLaor tliE Helere Duras



xlxdlxf,Ani[ntr fiunu uquntau 2548

World Year of PIIYSICS 2OO5

qrar.iuladi Zunch Polvhchnic {vid'hi'add ErH

lunch LUl l in l l1- l )  n51l  ln  l i  15Ul lUl l  5 f !F l l1nnf lgUl l l l0

lo!.tlntlrJnoutou.t t't40[Nnluoi 0 ] t!lfi atot ]n Mdrcel

Crosmann (1878 1q36) F ou1i0!16nlrjd{lin fin!qu1.nlrr'r

lo [a!dln1"a3vruLt1(ott ]!ufrI'advtfr ]|add!tt lld NnNuds

ul?lQ] tl v!\l11lolldlmunnu'raual]ltuln'lqJ n0 velb4

Lr.utvNntf ln tt ian!.!n?ln&d Ln5 tsa t{ t tunNnflMtMu tf l t i

u0$Jra't!1da'IJ lrorttontx'tunaln rnwtulllnFrouou.l u!u

tflmiolsn:ii ruo.ru&r.'nunildrrlnr'# laurt omce lunrr: riSu
tion wt lutiriuit'trutioda n frqu1uu 1902) \avu1d\)
drui-larinlmrifr norurfl r.r{.drrtr11 Thermodynamrcs hJdn
iuid?a !r,rtanf,-n* 1irIoinln dltoru-rurou Bolcmarur
rxror.fl tunut't d ndn{1 nuottouq aii! d 11.trl.l00 rt|l]1.1

!r,{r-s' Boltzmann riurin itqrdru r rirr!anar]fr

Bolt/mann 4d- lira rrrrddM-inurn"a,iullur llJ: toOt

lonrrnoouildnduovndornrooriudr Bolrzmann tir:l oou

1r]Ul"ur!]rlvru Emt Mach (1836-1916) fr Ingsallaonlj! r'rs

fl q1;ll rqun^r r rn4r idirn r rufi our"rn ruindnt.duriorr

!t:41!

lu?J tf r. ) o"tu'tJ 'tu't!"t n"tl tufl tlll n t d{xrua n n t0u{ nu

Einstein Relqtion
aunx A$ ini

[Uul.J]nn, id ' lOltdXl i ld: [} l [Ond lnUlnf l  ] :  [Ul l0U Ns ] l  n

t-hvlfl n!uarrhJfr !nrrFadrv"ouri,:,rhrfu n",:itn:r"l-,:fi
F l ]l.rrl dn IJfl rtnlliuq talrt0av:r4f,?ad Ma(h lrrrllld

lrdoi N ]!^ir Ju[nn "d lnur,i{,i ] ! trrlsiJrcrrra-rrnqrt
nav Luuu aarl o17 tvu ld71 E on on flvottuz nvua t at F9']

f, n LAA lUuUT n t t'tAOA ! nau, ttolt/mann l![!t l$tlU[?l O.1d\i

ayq otuf, stutf,  nf, uul lr lJr turtutuurl.J??l1r-t!d{n t t0, l

tatN t011n nu t!1.1t't4llounlunr fl n fliut1,'l:J! an u nl]u i?lu

Amold Sommerfeld p aoA-r eS r I|.iudu i rijonurdurrlr

Boltzmann u-0t&ltulo!!!oL tudttnfi f, { t!t-a{ Brownian

tu|lounTlnf, awllllJul ]tullll altt1n!!10tof l.]1r

(  4UA AOA h 1Un d A0 4 dr l l ta i - lJ ' rOUt l . l l lO\ t lvNly lAUU\ jNl ]v

cnlrnlr01i[lluuq!n ]ull{nrlnuoulr0uMn1 (nuao&r'tuuu

Ii n iaf t dn11 A1:dn) u-u!fi n'r-rLrlrlli"ruu!!dxr trdndom

fluctuation) rir'hio1arnfinr:ndouduuu{umr rldru riio
rr or rirull ornr nr vd ol'-r uylir ulir-rrnrn",r uo nululJd z

loinlr,irhvqnflduqufr roizouuff n rflnu-!5aufi
Toukrirrqdura,in"nmrq"non!um umr unnio"rrnourfl !qr"runJ
?lOUtJNf, r'!ovlN'llnnlu!lu?OUOUmln:U]yllntlln qn'l:ll.l

lurcniuooarnfrlo'iriulu ndr'r6a

\,') = zor

lnu t Fodrunorilkioutriouarnrndoufifu Bds D 6oFi-r
diftusion constant !auor.ra-rn 1ur,:fi fr iiunnrrrdlrli5dir
"square -root law of Brownian motion')

lorialnrild'rarrir o lflridra drrdarnGunrrrniuir
"Eifistein Relatiofi"

tda k Fa Bohzmann s constant . T 60 qruv4fid}lr;:nLou

uaullro-r lldr ( 6a drag coefficimt

(1)

\2)o = k r
(pd t nawig Bottrnana (18441906) arntJfrnaudn'rgi

diuidl statistical Mechanics daiuhatuqhdty
dtuudid sou" o"" nszitdaifiutnnztu ut,,tnr
nil tia rtiuaa a Lt.h a.nnelnah:dn Mach

20
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s i 2 aaannitaavtaontandouftuwuanirana1n.ad1uf,nfrfrn D

nauff6udi p = 0 a4rlna fiahu"nin (r. - (0,0)

= U.16 lNalAV ,Ulu 'ln lri d ldUUl.lS: l.l lU .l

,d.^"i,

fts.FF t r
"-1*

Fv

lunr:rirurruloinlsr{Uolmni:!irunor iu
,r r1r-:nldi 4ro'r \role. r | 85 I ) 1d "r":rc,fl urrfidiFir
Relnold s number sirtvio!fiu fu6o

6 =6rnn (3)

.fio R 6a rlnilouotn InLAv 4 6rl F l rtuvin {\ is(o5rly)

njl rir 4 loudrda 0.01 Poise vio 0.001 Pa.sec

riolrmlriidunl: (2) rds (3) llldunrr (1) frasldil

/  r \  kT
{ . t _ ) -  I  t a l, lTrlR

Ntlnl5L lUL.t l lOUrOYllUnnulr ld\ i r '1" l l4 i  (diJ iusron), t lu

r o nir n r: urirl'u urlr duln a n: u nir-r q rur4 fr uoi zu n w'lfiu
nrruuf, ououd'rnoru ayrndfi rurorrfi nnir r;urdld'6nir
ruru oprnfri:"nfi I hnra! og"lrrdrfr qrw4iriou rrfirir
D = 0.2 lxrnro!?/i1l'rfr hd'r'rr:or s iurfrecrndo!fi'ld

Vtd s p*' Botxiste Perrin (1870-Da) tnllinfu:r�hS-tfifr

Id1iu1 1,Ja itlutu dtlli I o2o a t n a at u n ni iti dt ri a,t

utqt n nttrt a a ar tia o ntt ndaui uuuu t tti

tvuBlllut-tvl" & l.l lrrntou rlri.uridrbr6u trir.rd.rai!

dunrFvlrlnt.$ruu Iur!!llr01{s:J u = lou ,ln: outr4r._fr

$ds!tsEsfl -r!!oun.llrnft o!fr !1nn-'t10!n-tnoli ltlnUl&u-rtu

32 M]

.r! 1908 lerr in r ir"drrirr tMoflalvql iuou

[o !d tnL IaLv_ ru -qdLn ]nnd !T Idnx ]  t n  [ [ n i t L_ ruuNr
qlrl]q! [!1]v llUl] oUnl r U- J l].1 gambo8e Iirfln tulldr

yd_t 1l[Lr _1[n!uol]d ardfl telv :11[ul]?unill1"onlfi]dIrI

nr:Eltiqnrruond'ou nlr;:nfu ourqrfr aouloinlorri fr 6o
tuu| l t tdua l0ntt tv lr l  uuaf,  ls l !n t iMt NauqIF| ld{

Avogddro 5 number /l"rn n AA4! L6lUd It Llunn l $nt n rfJ?t4

AlndUvTAlvbll]lnclnAnlUlJJ.lU ) I Aoogadro's consta t

lN = unlue4al eas(on<fant / K) Luuva)1uLld'J -aroun-

ian Motemenl and Moteutat Reality" iifivvflul 1g0gl

t{  N lu l lo luu t lJy ta lu t} l t !  t0n f ,  t ] ' l t l t !? l l t Iu:J l  f , l j  0u

?tt rrfl?to ud!1]unor!un'tiu'uu1.r1114'IlnulJunonlSxrn-)flu

af l  a5f ?la\ tavnauInsL!tof l  N

f ir1dn r'!Mriurq r{ or{eirhd'rrr,r.Sdrltr!F 6ou

11l|t[r!5-r-]unouFrl-lnnl-r0Ja!-r1.llloufl tlulNulrv]0111r uFl

lx.ltNrt 0UFl lllllUxlal'.lllf, I lUl0r?10{1]'lUlUn uNn Il[100

brownran moiron 1, l  nnLlOiLnl lOlnnn!.nt lO l t l l l  n l{  ln

n'l-l 11'.ll.lt1l1-111,\l-ls}]UislUUUnOUn-lU-){ll-ll}1\11ifl nn. tn:J.

iliuu], chemical engineering. colloidal science, nfu nil!,

aor n-run::ro.ri oirwior nlu. ui o uriroinrrarrm uov n or or{r-r
llt!6l110llu1l41frdiun11tulu17U?An11a?'l'!) &

-3s
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loUaTcrUnTuwd-oDlUilelDolnCl€J
:  - -gfund n4a'rq5n11x tLFc xnnna uuulry

luflr l Uudn n"r:rnu rflr d ti fi n rrr dr fi'rg o tir u I't
rdorrfl narrn:rnir r.irslfin"uln4ouiaEjnrnidru 1 vh\r
rior#sionr:ri.rr'fiir rlirrc!fl !rnCo\rfi on5r{drno!auau
frl5runrrufi o,:nr:zor:rquti1rdr.n1m"udl rniaufi a rf, oiiruru
nrr!ornrndltJrfl uov!fr anrrrfurfr u (tdualnu'tufl1nut

tiontaauutnu nlaofiadoatzlvanuu'ta!) viac du
rn4oulavrrunr: urvrirdodruiln rd'r:':rulu3rJuwiuri
raorudq nSrl uuudt:lufl r1:iu6olr ri'uur fl r riioulrn
nrunvnT nlunrrdn rfi u uo;nrr u!o'::tl'lfi tfl urii'uurudl
lnn r:1rl':ru In wr-r lrl (leanwlloi\JAolulJistxfrtili0
r{"a/ir?) rro'{!rull{rlrfno;ad nornlrnr o'r:r:runrrr{ou
lrilt a'nnlun rrnrdorrdu rdtr frliu uo:uffno:rrtrff
o dr,irfi nu rdo n d,:luvlnr"udfirr nririuarlqu (naton'r"
iqiu m fl l./ct nnn tfi a w a 0Lll w nMl ailttll, tifu n,lNh v Ln fr

{an-o;, rilna-u':ruiiunl6or:aiur"vlnd'ul lurrorlriuru
do rfi aurirorqdwoulond ru6aoq]uovria'ltiFnHon:an:rl'u
d$urndartrlar:lnnhqiuo\rUfl n0nrrn:6altnrsrn (ta1l!i

lonfaldl.; n"uloui,:Id rirfi rr:rurdu ureiun 0",:,: rudl 1
i'a:-an thl tflufiaflud r: od'ar./) vr'nur:n r!.rrnur!
r o'u ururi-a rr d':'hnr: a d m n",.:urub,lflrld'un v !iuli o-'J'rrq
I{h|I,f'u':nt (sustaircble mergy) tiu tto"r:r:tuott uo'ulr!
ih t nluq tnda r,s"uuunlrl5ouldiavr udvtrn"uotu
uc'.rarfr nti rOldu

otirr:hfi nrliuria,rrrnn'rrr u{:rJ:luta,:l',:
!::ar nr nlo n uocn'rlon r o 't vri'ttin r: n 5r ':1: ':1r',1tfi cr n
nd'umlor ro"r:r:rurh unvrd'r:r:-unruio dfiartor: lri
orrr:nn:cri.id'lnuovnrn rdu nrrr duuintar:aw4r
ria'rornqrur.r4ilnninJdu ! vianrrdawouul6onlon
iriotirfinsdufi vrduqryri nrru tduvru eio !do!fl dnl{rh
drur o",rurunruiauldf,nn da rfiuuitlno-r:r:rudu l l"no{
1lo rnadrirrrld':ruldriaarnn uevrir:fudr darrv4itJ:v v n
rirllo"n 6r u u 4iili d'o':rur n uvuii'orldir rflurirlo dr d'q

luv nr::ud6an o"':'rruua': orfi q ri rda$rr n rflllrl o"u'rru
d nrar n nr o dou}.h1ni ua ; nr':orfi n da"r: nr:oq]n"uuptl

gi 1 nnvtnaaalan?nltinliuaoft anma, lautultia

Iirfinmzualvlf,llva

l dnurl

ro1:urvuouuorod-rtn:nrirmtrjdtrurfl uno'rrr:rr.ilfiir
ldrorugrJuur ni! n.rlir ii'uuruuouuonhflfiar:vriuu
(tlll"l.lrl lnnA l 

.lmO.|.lllulAl!?Ung}r|1l1lA'l 
lnlA'lr- ll.J tl ll'111r

usiriouerndouldfiildl.rnuovnr:r,riruur1u$d :vduGarr,i
i n rr ! qi n"n rlr n or"'rfunrr r d sur ii'uuru6 n ;r.J ururadr:
drfl uiiau!rnn-ir6atf ar:n'r:or"rf r:"runrudr!r]dslrfl r
ro-r,:rullirfi rnu d,r :rn4rr:rior:utr fi rduii {Ea o l:
u nti a & aldtn u aoa z dolv'Ifl n a nn t qnf, urulrurlnir
rJn"]llul'ru Heinrich Hertz ud36!1in'rfl"qod-r!13\r{u

ltru Philipp knard lui n.fi. 1899 QUd 1) utifrlridrrlrn

o0u tultrl r?rlllJ!i lvu6un'llJnau l$uou n]?u{ 'l I'lrc

dMlnntyn!l.l,]|lotcluolru\l t lloouoauatnnntduoon

rrld d'Idnqufr uuuar"r (classical theory) iilrdrfi\"adu
n"r:riulriircsfi nrrudrvi.irdrrJriou}Jdnrin lziarral
nnutiuuatsiu) lov;lirqvrfi onrrnvn! o'uuruudrd6jou
6r5nn:olaonlrld' unlunlutiuoiutuqnr:nirdudlrirfi qr

llu'!on11nu?nndtNDlxllqlj{u!!flJUtu lollu rru0lln ltl

!o,rnuor:lrnorr:l_lui 1fu r :orz'urut{a) nrusrrua!.:rFa'o
Itlil-ly1O0U11lf, \tlUlyUlnlUlJltl

erl]run:vyr"{'hi n.n. 1905 Albert Einstien ldldua

22
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ItJi z uuoziuzaduattalfi athJttnouductn& ai uqoa1fi ai

iaullivnauiu I1l gJi3 nniutuaavaniu a-thlunad !f.�oofi nti1z1

nruliun :aud'rtor:no"r:r:rlunullruritounojutialno"':r:u
6atrnoudrnjr}.J { rir n au ar:hn4nrrniorion;irr 1law1ffi
Albert Einstien Tdiuet oialuw attnn'tz fruttufrwz a't
nalr; 6ordol nauiinrudirrrrrorlnrrl 'r; dar:
n:;n!la eocdurirura"\r,rrl'1fi6r6nn:ou rirlfidr6nsno!

' aruL.,luroal l l rdu!111{ur0artalturl ln{u ]uf l  nrtuu l

aa nrl1uo nayna! u:lnonr:nirduildiridoirlllln6rinnin

(photoele.hic eff€ct) o'ui;tJuuunurr f,a hf -W = Ek

uo , n0 nlnurua{}10{n. w na nridntuollllll'lu llqau

niuvl or'$\nugo r tu?:sui"r$E-!6nrnaudlo!na! uoe E,6a

rd'r:r:]moitau6 rfi nq:auiU:rn4ro"':ornlqnoonrnlrn

acna! o-rr:ue;ruirdrSr6nor:ourvrooraonurlfirir i7

rvdor:l qr:nirrirrl,rritiu':r u$#u th\iwfu a nu tiu m o ua t
natit{andarsnu)

otjr':l:fi nrr'lunrLirurrJrvun dlrluru'lldolil
u ri'uuruzo u un':1ridr lilfia r:fi':uI orfrr'r'1fi6 r5n n:oluq n
ulcrnarnol rfi ur:urinrrt, :nn:vIDoqrnunlrrroudlr{
uc!nr:rirdrqdou-jtuunlrd'r:uru (energy gap; ui'rlfi
nrrloirt:dns'nruuonrfr au"r:nirfi nrrr:nr:lunratrl:r1
fi orrr:nritdrfi nnrrufrll{diradld' firrirhrhuaoirii
'luii!rori!rn 

o 6q v a-rlr: nfrlJ.h uliqrJ n:nib,tr{r1d'
turr,r rr ordtiulrifi nrrlf qrJn:niL,{f, rfi orrovrir nrv uoilJ
o'n16!or:'luuuqrqoi!fr orir}l'ldul.rlurrorddo':nr: rdl
r':ornorufi ldlrlfi uararfi nd d'ruH,:a.rJn:nilJduunor:r:rl
unr:arindlfl rlf,r (rsaduasorfird) lnun"rhhc :cnou
durrnroralmoeirroianilriutn 1&rgcravavr:ti.; d'r:uon,l
fugud z

arrdiuurlirtr'lt'ludruil ua':sa'r n oduo$orfi ntid

nO d llnU n lU lS'l S ll.l lva! lUlJ1llJUn O lulldllUOn OltU

rdov'rnr:riad"rrorr4jarl idu Iu:ou riolfirfr nlilnr':
duri'ainJ:vfmrSr(n-tpe) ud?dflin]rriadnidlna{ih !d!
r,{aar,{a:"aoc1d!fl tlnr:don'rfr!:vuli (p-type) dof-rdr:
n't'?e Bdc p type dlrriliu:ouriofi-riu rdofillnau
ifi nrr!drr4!rrn!nnnrvnucvrff nnr:luo!our,!ryvl fir
6a 6 16nq:o!uovloorialirfi orn:ruo},h{rlvoduro,: or"r: uaq'l
lu3rJd s

riafiorrurduj:cirinrrluu'ino"rNrul firirfi c
durfi trunlJ .i'u$ruuaui noriuar:arfi ndldiirlurJoluiur;nr
ff,urr$ri 15% ior'rrrhniTfiu (wtunqvfl atzozlddu N'L1
arvqfrdrd'q6ouo':orfrqdiororda,:rl:cno f;ruuora
nrrud usi ar:n',r q"rf rarur:n'tdldrfi uu nrrudd oo n n doui'!
dau.jruun! d'u0.r!uo0or:n"':n"rfrfi (Jirula| 1.1 ev
d udL w dnl d n au1 anudtdbi uunvlrinn gnd'u uovaro4rl
GuLfllg mr:nrrrSou or"rliur:rarrrcliiu rcd 6nrrwo\r

$ t o o 6rh cn aur ao $ a d u a " a fi a tJtzh) Gua nluuu q a
LUUAUA A n 11 fr sn DU n ALA Dn !U0 UA 7 LAV t ) 10 AULUU

*uc rft atauiuntzlr,slrlfl t rioutfiufuatedodzti t

u F3 R 1t q A tUUVUl O t (su bsrf at e )
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fli t dn duwoantia oi'to1#l''rutlilwnalula E n a ii

udlalindpl

gtti s rlr avintw g,s 4 al,uvun qv fi'lu nt s nJ d u u rct
fi ublf, 1iiw'ud D!i1 o unux dttrtw a r a t t oi ttt 1
(ru1aor4 csi lac asi 6a AAnau dnl(u'1uua:,

al?Slualu,ildu)[3]

I o
e

t - -

o t o

rsoduarrorindtnE'ldor:dfi daui.rr:unu-ra-u':run'r 1 lorld
lilvtn auld,ua tu a t udiil uqi!da\:rrndauir!Lguuo"\j!ru
fr lild'rrirwonrrru:r: (arurirs*nti) tounrulr{f,rdru
q"ufirdr r:rldnrrddou.irrr uoun ii'uu.r.r shfr orrr sldn: v uo
rfilfiri ruoinrrroir,rdndrcriro'r n'\rfur:revd'a\:6trv.rnrr
frlfirirrira'rrl*flr 06Etul!t'tJ::uallu ti'tnllni uarmsu6l)
d6vr'4o o'rrirl:vnar:lr!a,:noiiun,:arfi ordrirl $nn\rld
n'ulqud s

otjrrtl:6nuar:i6noliro-n[i{rdux (siryle dystalline

sil i(on) gu!lnrudi-ur.irfr ! l :vdvr5!u4ohr| n[Uf, !!rn$

riuh,{flr un vl-nr vhirflufiuu!u n n ii$a'r arfi nd'hn.rr 6nur
^  - !  - -

l t l lUOntO!1nINyUnlt ! t lUtVnltUOneU OU1.] l . t$t0vat0n

rirltioj.ruhnr:rdnrto;iunr:orff nd i,idinrrfi rr:oJr'lf
n-n86no!fi fi n rirdol,l(polycrystalline silicon)uNsdrr

Oa-nouodrrj rrr (amorphous silicon) sfl 1.1 otjruhfr qrru

d-:u zuon-:rulrl no nnd'0,:rorr1nr,: nir,ilu:vn"rlonr nlirl#
isAMin-moo0r'-rdu(sr'rnii 1Yl.) !!0ifr tolrjrniJfil]41]nrrft fi n

ionoudru r.anr-riti'rinr:fi rr:rurv^nr:du.}lrrJiur-ll,:
tv .0. lOLdnOlf l  t lbUl l l t  Nl ln I '$d\ j1 l .J [? lUn ]1 t tUn,NU|-

o.#rrlud caes, norlnloidurdatLlnrsrohd cutnse,. uov
. .FloU.rUUl$nellO Ld Ie .11!ni l  n^itvd l l . lXl lJd{l_funl

hf,=u\.lutn1{r-u ri,j1]1.lnulUMn$lNaf, oUU ru (lhin hlm.)

rJ'rrjxfl vi'rdrlfi \r n-xfivoloi\ ( [ a a uti e c?iu Lfr uf, 1 1 au & z

ut-ariur loudrir. u: rfir,.rui ru u.nun nTu':ruo,:4 o.rS:,r ov nTu
nun0lJ r n{uulvit  aufl  t ] l lddf _1.14\jt :0nqtturNf u ru{- 'r

txr!!inno!N111[1'!mow]ul{ou{lllornlmvnnnf, !lqfl r.rno I lu

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaroairiilo{rsluldui (f Ld un)i rt 6t t t a lf x a u ti a, m lti-

l ncnon celIs) ll utnoNqtlJt t4 t1,oluN1]1lJu]t tlm'llno

!trdnnn t d{ul.r Nnd21.luouNtttlloqt\t3lvtuuJ1t1otrluod

r"o'rarfi oriunoulu3Ud 4 Jac :;drinrfl ddlrrjudaui ru
$oul{ f,!! tut a0 0ltulJu n-ru.l$d u o t!?ur 5

adrd:fr nrr nsn"ruovunndd!riuar:iud,iri
Orirnrioa\:urodarudrqun rvl irtv"{d nnrrlnu{ fl -ry

ltulu  ttlJlls t:nun?]l tnl]t tn tulr0 nutqtnt]t.lllutut}J

rrar:fr i:rnr gnnir uosfi n6!rrnlulodrrirurri'ruriiu
utrdvr in ryl [ rn t ! tRUvl.htv r ! !vrd!tqna.11at1, l tau!-r ! !

d'radrurdr. noriiun,:arfi oriioi'uiiuq-raJr:n:iriun:r

rtnd craiaet d':ldrirrvrnlulodurluuirurira lqrroiii
lc rcror l drau"lru.,i.lza,ialnrnhorrfi rroanhd tio,

tr&laiv4r.dnr urrrurru 20 lrlu$oirt r,,t1.ru:*u n, t0
- n.rar'hrjour rutl.lltll$m }lurlor.0.fllrrl (dve moletulel t&t

i:vjrudr1r'rF rio do!io!drL,ua\r[vnrdrFnlnrIod 1,2/i.r
Ft1?;tzt 1aXtfi)lnl'[Oduad?la[,]ln t. +l I ) vdf,1l

?1dt0ntfl tFN114l1.lq1lflnI1tlJtutd InutlluNrn-11r0 u1]u

uJtonnT!N tf ala{s(llud t5l ontnNt5auvt5ulul,]n5Fton5n

vrirafiT iiqanfilr,ro-u,rurrnl oouud?dti.irirdi5nnrod fl-u

zuo-n::,ri'urrluuou Tio !fio.f,w rvrdldfi llaN (irj; 6l

olr,:l:frnu ryir6nrwrau!eoai G'iIzet u"!frFir0iIril

lautuflrt0no!lu011rtu?tulr-f (lJt&l.J_[u / 6',, $vtMasl!r.l

l5%t n"ull1uflaiLirltnti crar.'e u"unulriltr utr:fr d-riqJ

N tvt l l f i  f f  tn(? lNR(dna tvm! ( t0(uatda t tN t ta !1] : i l t lL l tx l
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V L
to \ l ' l " lu In l l l t0u011r l loannQa\r !1. r  H0Tt l l r r1r lv l l l1 , ' lna

nlTlEJl]llSO0UNUO1rlSIUS!|'nU !/l 1!9110lldll] ]'JOd]r!l!l

enourllru tnua\llruuuru?JlJ _&,

?.li 6 nzitouaarsa.i Grdtzet [4]

L roq ndd! nruh r aun':urnrirldnrur:nlturuliludir"
l\t llJUIt N d lld\!A_Tl1nU [!U]nl$1111 1dUll! l n Ufl3!n ll llU Il1A

dqcld!{:vdyrdnr odruyornrora uonrrndluuG! rg o d
rfinda",i riuq ornrrvtn oa': n a ii unrorfi ordlrnurfuv nfuloE
dll,|lUr.nn'IJn llU11n'�tUr.11A$a1nO1l lUrOq06r.l_t!n1l al,|vltu

4.

!:rn4og"lufittdrorjlo'r(blackcurrant) uiolnnfitnr:qo

uJT ftibiscus) t'fv{dd, fl

ri'r:fuqc!fiul6ir(oqrnnrrf, nurrior:rJ:rn4nrrai 5.

1r[n6 rfi nninra,rla{alniriuqq nr:r'r'hinrmrr rfr arniu
yr d'r:rrullar uoudiiroian11rd uovfur{nr: 6uuror:di

ronarr6ruiu

1. The U5. Depaftnent of tuwgy, "Phottooltaics", htlp:/

/www.e€re.energy.gov/solar/photovoltaics.html

Howstuffwork, "Hou Solat Cells wo/k', hltp:/ /
www.howstuf f i,rork.com/solar-celLhtm

V. Benda, 'Solal CeIl Phgsics aftil Technology",
Technical Report, Czech Technical University in Prague

Nanolab Department of Physics & Ashonomy, The
University of Oklahoma, 'Solar Cells', Powerpoint
presentation, httpr//www.nhn.ou.edu

I. Nelf.s,o ,'The Phlsis of Solat Cells (Prcpeiies

of Sernicottaluctot Mateials)", (Lnperial College
Press. tondot 2003)

D Cassidy, 'Eirrsfein ofl the Photoelecbic Elfect',
Center for History of Physics, America lnstitute of
Physics, http://www.aip.orglhistory/einstein/essay-
photoelectric.htm

5.

GNsu,N.trMPlutED
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4#€" tiuuuiufldnd

onocou'lD
s:ric'lD

ndouounc'rur6ouI€JD
RrUoflraoSta:Wdnd

flzdtduzlaoiu'n1lxuualrl a'ltt1u' drrarrufllcr:r

rhhln dnHh " d aiaq aa otnaturfu a atw[u aufru tf',s r du

" riulldv5alrid ararrln o''r'rruqor:o; liirtful" i6a

rirnrdlaaa"rdGuu roilfl dndnrrdddor:nr':n nlnau

nrrilduf, m:rurirgrr'[un:riirirud4n6anr:tu

lu t fifi Liiorqrrn m, nrurir ur !!o!-)-nq ?f, mr

nrur€'r u. rirtun-ulu 1 ifitrd, finftI!d?un?1!r5'] v

$ridur:uo"nia nr:aqinril! uuurbr?'r rdu

f,w1u afruxhnua{tr

lriurlrin r:rfr inr:fi qoriodrnr:or"unoirrir gndau nr:rtln"u
ri-rlfi Hn:ruo"l:r:rlrorilrlirdu r:r1dr1: nrunlrurorn
o]qTd 3 vi uarnnl nimnfinfi rd sri lw nunrnixllriru'td'u
dtdairflw:cifiold\rroufiirld n o': fi n nrlniuo nlt

a a fi izw riu fi d n drr.fiLiua mlrpnh ma tlao

a v aylnilur rutd w oz'tun dr',nua ai a n a4initrt ah) fr | d "

h ndrni,tU ta sAnn man ouwi llirttz marrtratht

hhlb!6nhirtrtinl&rm16ruufuiqln&rfiotnvi uuud t hs M.n.lxna utauwatdu{

nthzdalrirunrnmiry'nnJ'eurVJfiwiwwVJdu du da ^- " "- ,. t - -\
zt$ufufi ntf,utfri (wdnnru t^t) o.rriahsn'rul uau ifufu riurnlfi A = (\i m"Jrn' ,l t!d!

lifiu lwdo,nuua,sS udcfrittrr:nfrr{soltinnro#r:ar i = (f,mp,,utmrur)
frulili'auli mnv/u (w{otluna) 4 1 ufitunutfrirl ,,, ,
hilinadmmussfrttiu,nrrrmizzuutndt llAl = = JM u",

li|l=!f,nt.-,.4 = .!ry fia E, riuNn'ru
rn-rrr:rucor:rialtu nrarqriurrliurnrsiolUild

My = 4r11r 16114, = lo ff

rrnn':uj6or:nnrnoifrn A.8 < llAll l8l

"'" ll,illlli|ll= JM"rEE,
m,u, + mru, = Mv loud M = mr + m, 'dul ldn6aU tuv,.rlfi JMu < Jzq uiao-nfllraiirfll
. l - t ^ i

#Frrvf,qoiir : m,ui + -m,u; >:Mv'"

n'rnudif, qnnrvrruairudordrar:nrjlorrr:dlvri
dnrucirarnrnni luroun:nirrrirurd'u uoalutT or

ANIMAL CRACKERS by Rog Boucn

t

26

f rrrn' < g,
2

[tlioldir Hnrr! duu, uoaiue-utu (Lnaut1ufrauan

aa:in-n; irirrioun'iu5o! -lYu oflllld"\r{T$or:tiDsuu

m r + m 2
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Le HUtAUvl Aln 6t

uuui z Tau o.az.nzotf,zzi awafftm;

1E!il ldrqlraFxixr rrrrlir[1-]l-auninroyiu (expecied

vatue Mtdn ttadu(tlluul]tl,fi.Jn) o01l
- "  -  f t '

r]y1]t vnt_lr.1t ur xtn)lr_utnitu! (1.4:0rlT.itr ) :;

uo&ntT.{5? u, ! n-t ]|.l1-r't4 c rul.l
M

"rn ernu rerp.rred vaiue)to0F,1ur51 E[u] r i rurnld" r

E  [ u ] =
u t m t  +  u ) m l

sosrirnroy'l"r:r0,,:nrrrriranrirni0oau6o

- r  r r  m , U ,  + m . U ;
- L -  J  M

[11!iorFi'rn-rn1.r?-0idunrfl r!nrioFnd n5d!nrflf, ufr -il

e l  u '  l - {E lu l ) -  =  e l  (u  -E fu l ) '  l >o' "  )

. l l0 l l . l .u r l ld:-n11! loLu u!t  o1{aunt-f  - t1 r  c_.1 ru1dxr

n2lolvlv 'Jn-N!$dsl l ln ui l l r ru u F0r?"n!!10rf ,sDt J
, -  - T  r l

lllxJ^ rrl u I lllll.r-ttilNutll!-t]rlrruuu ln[y ]lJu (tt\llt
r  , - r  r . l  -

f l  nnld\ ida0a01. l)  lutOrsM { t  l  u l  l  .UUnl i tnNUnouu.nl

q"uriarunriro"r:norr d':fiIo nr n 4'rfrrrhiririios ni.r n:.rv rflu

n-ntqdull!nlutn [[ordlr

ndurrfr onunmniuoion:irlounr:hiorm:n-r:norr
- T  ) l -  ,  r  . 1

" r  q r c , r r ! ! r  J  I  E t u  t z  r  t u l r . u o i a o : t s : r

m,u- r m ui > Mvr danrudru 05 M"loaurl uraunlnr:

fr rauu irHo: :unai!!rurnrir,rd'urrlfi ritioun iruSoMtnil

zuorrrtl,t o"{rrueoiriauzi.J

uuud s lau xa.az.ftuuj utzn't

?EnT l lF)] ]utnA{0Ntf- l t tuntMr. lF[v u r .  \4 . .  u uni.

u,  r iuo ' r r ruo iu lo  1d, r  0<w,  <1,0<w,<l  ! !ov

L1l?!UUA!L[5n!nsLl l!n]i lriO\i L1nLlrir]r

( w  r u r  +  w . u .  )  <  w r u ; + w , u ;

Ioufi rr:rur iurruoia}Jiiorurirri'u

w,u i  +  w .u i - (w ,u ,  +  w ,u ,  ) '
= * ,u i  + * ,u]  -  wiu i  -  wlu l  2w,w,r , ,u,

=  (w ,  -  w i ) u l  + (w .  w l ) u i - 2w ,w ,u ,u ,

=  w ,  ( t -  w , )u f  +  w ,  ( l  -  w .  ) u l  -  2w ,w ,u ,u ,

-  w,w,ul  + w,w,u]  -  2w,w,u,u,

=  w ,w .  ( u l  +u l  zu ,u . )

= w,w.  ( r ,  u ,  ) '

> 0
$r dl{ e a! lo [o ] lllo t orJo n tll ti-t n rltun tl4

m,  m"
' M ' M

daur!'hon!nrrn"\in6irrr:rqvldir

/m ,  m .  \ t  m .  m-r u  + r u ,  |  < r u :  + r r u :
l . M  M  ]  M  M

M v - s m r u ; + m 2 u 2

riiarar 0.5 nrunoonicvrrirro"uurlrniyn"uluriouni-t
Horruro"uurlroiriauruu"urou uonorndrii'uurltnoi:rl
4enUTnnO$JO ur = u2

unfinoivrunrfrs'r-onir1"{ I .u lI#rio n:rlm:u rYu
ir "nr:rr udr i nn"d! n orrur o'usrlt orin a"r:riufi dr
riouniruiorirn'urarurn"rrltluqf, r:riouuurf, !o" 1rifi
Ionrnunnir

r:yr6uEnrl:rrFllai':dr:irnl' latn: ot rrrirr rr
r ru{ ej-rud? uni!fi o i 6oir io}l on r f yliu fr o 0itt-t [i u1.]
r lulrr lMn (te\ ibook) unrurdtt;r. i_rota-nn rttuf

If i fdo' l fduqnf! luair] 'r  t l{  qJ rnuh 0u{ !af,u,.dIu\i

rflunr:arlrduuniiooindru duluddirjldrjrrarolin:Yr
tolr.iiqiu c.r orhnro r"rnw-ro.Rui Li'hiulrv"olir'd'r
nrfu udr.ruoq iroreiu) zorqruorrrrtiu''r I v^uilri
io*uvrhd 1 *o:frcjrlfrnurnudrulrtlt:
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r. 1Afrs1u
a d1 g ni a aqn u I g B?1 ut/, u 1 s

noud m fqcndrr6\:i6igr! *fludrtl.t" tnonrduin

ati.r$!nd{nlnr0\:ntinf i6n{n,l}tuu?i6tja\J G. Temple

(LiShthill, 1970: il 10-29) dddaiquo\:nrn1riun-rr

droaiai!!oufl $dd!a::!on sncrcoAutualr!rurufi'rE

nrrirn':rcrfr -frfi srrd rulrildrin ndnmo n{ tirtllia-ur:n
rjrrouoatirr:rnir:nlnrouafi nnroninlul ld Uarf, ur:rdr
'tfi 

rfiuulrnrrlfi nnir':1 rdrrluaiir

nr:firnu'fluddu- narririn

inru drfti{rrd& r(r)1n1nr.r4nfiu:urirt .t itialio!
uo;fi aqriudlurlna"ral iuru duddu- nrrril:3n 6io
flsrJdlnuriurfilJAu':n) d(,r - ro ) drurnnr:n'rt0unr:

*Woriuiu" roao'lo-lsn

ioiotnsisitsttti

r1 r1nfluriduluo'rfu {6n } fiiulrmurirfirriurau
uovunn6da 1du Epfi{i a$ffin) ath\turjldn 6uil!1r)f,n
'lunr:fi 

ur $lrrrJ&" rnorrdlinuovuno6doraurirdrun.'].i
ar{uitmuovuna go'croufl uririrho.rfi.rnaojrd udrriasff,!
(ale) diin N --) - muxn-,rq'rndld6!fimrndud6uvr-rn:n
ld'lrludr 6ur"16 conc€pt tar: *flr:fdu" rnonrduinuac
unond'ororuiuaanu a'sdu

-iurlE!fin:nuaf *f,udd'u" rnanrf,u5n fr60 (g.t)

|.aUAt t!t!tn

- iuualfiudtau "fluddu' raosrrfiuln fi1ii6
1llUA{lnU?nlln\tll

(byparls)

I a'-aa{* - *^ )r(r)
J  d r

a d
= I im ldx:6" (r - xo )f (x)

ld ,6t r  ro, f (x)

=*l-1""''-"H'o']

dafiuddl lqlJor"ud

= r in ld16"lr  -ro fk) = r(rdJ r? I  r

inud {a"(.r-rq}; N =r,2,3,... !flunifi-us\tflot5firulr

Inalu?uaiu x i oio rdau ua:iaqrdrrilu4naiuniulna tamc

tu,rinrutjnrlndrfiuo (n€ighbolrhood) ua\: ro, uanalmf!

fiuo!!on (bounded) 
'luo"ntru"d 

lr-xql-+-, i

6y(r-;o) rtuapniudlurlnd'unl Sdn('-'o), n"" =- 
Ja'a(' 

-'. )firt'l = -oar6l]-

d{fann €.1) rfluqi: rin6un t(x) dnnrirrfiurrdru

d(x-ro) ir $:fif,unanou (teBt tunction)

(3.2)

n'f,ryfi7 Fiuti,tt

2a

dudliltdf,uri& $fru f,,ri6n-Nft)kl1J d\erJ-;rinl
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ffii6 ntoohatf,dnd

Inarirdln r = xo iurllrjlifl rrndnnros# utiuotr'lilotia

rludriuvnnor t(..)lda.ru'ldrnia':rarrudufi n:-a n"r:u:rr"q

qnl4ruraf (32)

z) ir'rortu {6r (.r - ro )} iaanndourfudlnlu 1:.i1
l]lnuoluulJlJ ltlu (we6steu! lvee)

E
6ll,h_ I" )=.iru. e-Iv{( \)-

"  '  
\ , t

6f'(.-,.)=;#;

6!a)(, - ro)= t16 a 11(rv(r - xo )+ t))

lnud l"(y) rflur{'rdt trotantind 1, rar d'r

oir nir rurjri'Lia o nr: ni riunr:rh.rfl':ddur n o oulnlnlull
(3.1) lrluldtnnlJ fio jrd'rnil vejnirfliri'r un (regesentation;

dr'r1 rau 'flr:firlu" toronrfiGn6srn"u nuiriln N +-
tor:4n 6"(r- xo) ioonnd'o'rniu (3.1) idlilaonfrltr

"=-ro, uriQ[hdrDfrJalfrniduo{ 6r,| (Adkm and weber.

1995: uir e4) fil|nni]d1]ilmtEar *fi$idu" tuonrhuin

lir.rnr: rJ:fu ronr:6uirnrntar:d':i6ufi rnrnl6'triquld

n^!n,v -+- lrildiir:dldlnusn,Jornnr:iufi rn':n

3)  d" rao\ tur ! i  6" ( . r - ro)  1 l  (3 .1)  dru

5"(-(x-ro)) finu'jrdr:nr:IdHo r(-ro ) n'uriu d(r-xo)

i6rJr]1nrroll1q xo u:ifiurirl'u 6r or rifiau.nn:ti |roi

fi dar:rirlfildir d(r- xo ) iollrn:f or"ratirurdu ;rJ dfa)

liun-runudlrifialrnn:ri ertua oa{ n"rrdodtr tn nlr n1,rrt n"r

uvrufrf,r"nuorbiiarrrnrir dr: N idrlrnl firurlirl3nru

d ,lno1 unln ro u"\:n!Liid!!"tnr, 57y(r-r6) frrr

*nir:nloatJruluu:r:rnnduri air vr.r'ndrr:rlurar:hiufi nr'o
'lusru#uinrutjdndrfi 

au ro oviorrrn:lrndut4aul

nr:io{ror:rir d!r{udd# do q n dardu (3.1) !o\r1d

,iru1 rnnr:raumf,'rddu ar(x-ro ) ddorda': fioqriuri

unvloniii N id"rlnfl 'l f, o iorurn:luinnrtjrulnd

r6ur:,0 t',:rflueo'l#nqufiurrirtrduuar: r(r) lwinnrd

lfirirlodfl dlthd l(xo ) dur:.nvnrirr6,rdo}J'b&nrcrdtnfiu

fr ,r $r,rlnnrrn xo doufirirnir{ o xio unJfn?-nadlu

lu[l{ lfl avnN ]{nlJtoutua!1lnro

nrnrturgualm':6ufirnrnuas'fl\xittr- Demiuin

d':rnorirdrrfl n"'ruvnr;rfdr:rnrdr6uu 6f ) fir lv

irirlrnl 1d,:6qr:uovn:vrrulurinruunrl ndrudum

;rJuriudnadulfirdrq,r1 dirirlirvirriu 0 rfl,r'rvluuitr.udru

tndrda'r ro 6unnr- SrJdudtrudir 6ll) t:rrnJ:;rrru

o!)df i  ru
lrirvir ri'u

lrnl fuu df ) lnuLilnuuzor:rinrudirir

o rflu [.xo "'.A;r/2. ro+ L,xl2] Taui

6a drurdur:ruurnrgl (d) ?a'J 6$) n'!i:A i  f r
2  \ 2 N

fi_ - j -  < rs . r^  +

i6q

rfr atirfi rrnuld,iru rlduui6r"u6! rlnt lri rdunrrrrlfi

lrjrn lV -+ - lfll at =

tr;rl Ar ir

|!or!Au! (33) lx!

riauon 6[5] fi urludrfu oiorf, or:rfludr:1 ir:arurn

5ufi rnrnld fi arm:n'ldflnurdinh 1a.r;ld' udf,nuraqniuri
n,rrr (32) 1ri16 ur:rdrlfiopriuiSulrlndrurtqiu x atiru
q"?r!'llJ 6]v q.ulnfidiur h 1s.r; rdotilruiqndanr:
flnurnrrrnMuupirflrcdrunr:dr.tfi rmnuov6!narulu gtl

a-ulftil tl5] dr:rJrurrn urun"ruru d" dr,:1

fi r1lru, n?-t!1,1!"ruoo\:

rr
.t--r
I zN (3.3)

I F
6f,(, ,o)=1r/tr&

[ 0  i r

E
. l :  - t  0

f l  ,  * ^  -  A ' .  * . r ^  *  o '
6 l 5 l ( x - xo )= la r  

" , , 2  
( 3 .4 )

I  u ix Ylol l ' ]

l^o 
Jatao'('-'o)r(') lrdanruornrn o"ri'tfi ' (s)"

tlJ di-;) Inun ]T nr]trvuuu
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jo'{u^, G -,. )}rt l=' f' o, {*r},ct
r(4) rilarr mrdrt:nqetoirrrrn 4uft-nrrirrodu (mon-

value theorem) luunano-an'ldn":6in ar-to [8!dr]!A!
lu Byron and Fuler (192: 1r:i'1 225-228\l dr:ria di'r

^l3iGo'4,)=f Go ) d$rnnirriuf,orsosilcduh

drr:unu1 dr:riuifi oruoudvinfo hldrirrrdtrffl
nr:Eufim:qlnun':'r

rrrnlirtflttflt

Arfken, G. B. and Weber, H. J. (1995). Mathenaticol

method fot pwsicists. 4h ed. Academic.

Byro& n w. and Fulle(, R w. (192). Math.rnatics of

classiaal and quantun physic6. Do,reL

Ughthill M. J. G970). Introduction !o Fourier analysis

and generalized fmction Canrbridge.

Weissleirr E. W (199). "Delta func'tion." From Mathworld

-- A Wolfram Web Resource. httP://mathworld.

wolft alrLcom/Deltalufl ctionhtml

=-lJa'r(,) = f (mryr roludr.r a.r) (3.s)

(1) ar!filr1n;uurrlr"eiqnriluuo$f,1|n]5 (3.5)'j'l

I '

1 J 
d x da' (r -.ro ;r(r) luf, ul, (3.1), drl'ifi n-o!b@

ouo16; l"odl da,('-'6) rflu furlduazrurnnurir

rhufirrinruuEulrn (symdetric weighted density

furctiod d&ldo$arri'r t(.t) mnronullnrudrulndrfiuu

lq r0 !]ledulirfu .ro durnn'hrirnduddorirunil ar

rfu iuorrr:nriuuriu i(xo, a.r)

(2) lio Ax-r0 finvldir r(x) r3nnlnruludrr:

lxo - Lxl2, xo + L,t/21':au1vr ro firirrdr{ f(ro ), dr:

rirldldir rirradauou t(.r) luuitrodrl'lndrfiaoln xo,

t ,

dufiao S J d'6o.(r-xrJr(-r) 1' (.r.r. !d'i'

dqrn

A
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Iandzfldnd

darXndr:rlnfl indnr:urudvSa Medi.at Physicist

{druuarurirlar rif{nraialrltnul6Euuncarqd0du'il Phvsics

qaarn:udnnhrrruadrul: ilvnrnnafrdavltlul:unurrno
uovrir dar:nr':rJfi ffi rruluni uniufrw daufi Cunrrrf
ack r': ildrrlrrrirn :rrd{nrfu rlnnane]ririudnfi

nrrlci,rudrari dl]i'ldarir'lrlrJtou drnnu
flnd i $edicine v€a nrr urindarlulr.rrildGliur sr'rt uti
n nrrrnidri r{ n vdscrnrtufi riuinrdr rarn':rrf,vrrr:f, dn d
llrJrvqnri'ti'luvr-r':nr:unrti Iasrqri'rcodrudrludr'J!rd'$

fl 8.f,.1920 dtliud'Nta"{nr:fiuruir:flmnd1au Roentgen

lufl 1985 fr li!fifnf,a n drdrmrfiuru tfimir tar ionizing

radiauon urr.l':vqndli'llrrrrnr:u rJ tudnunrvr:rud

rfi arf oorilir:dinnr nrrrlasrilduqtrsrrni\:d uncirfrd
y s"': t r ni 1 940 fi til fi n r :rir t or n r: n-ll"u n :"r: i l rlt'lu

nr:iil$'uLn uo:nr::"nurT:n6un'r'1fi.iru:ugo$fnfl dnd
'luI:.lllurllro 

rijrlunduriatl1 nr:v'r':ruta':rinfl dndluaritr

furc !f, unr:r"Brurdrurn4ouio rrnfi ntor:nr:qrur"$d uos

lni !!ni (dosimet.y)uar::"r:dinur :r rJn-unr:'lf, or:

ni!!iusr:"rdlurr'Jnrrunduar,:ruil"afr durf or:thpiu

rar |tl nro,:rltutaurinfl in dnrr llrfl tiluuoi oc!tc trnI v

lrjrvfi oun-u uddrulrar! udrrvn:aunquurudrur"r:divrur

vr",mn uorarm_ruIjfi,t r*r-ioniring ndiation dtr ulmsound

ultraviolet, radiofrequency $o!!o$ai luurui:vtln

orr:rrtfi rrirutnrdninarfi rtsrai uoglnrn::ulvlr{r

nrd.rrruqErfl !nr: rcorudtrlnun:':atirtlndBoduurtltd

{tinr:inur t!aurn nfnfl dn dlcinrudrd'rgatjrurrn

vrr$nr: ufl rtldarFrnf a4adldlunr:iiiol'ut:n uornr:5nur

15frnr luu0rod dl FlUnt tln n]ufl Nn 6llll n!!

. amrri {or.) uas *orrrd :vr'1nrnfuliiainu, noslrvuFrdti lJr,lrinrllduritrri !

unu'lnila:riu'lnuoD
uTn WEi n ei n'l s | | wn €ilu s:Da O n €J-1

fiat niu{.uar 1uei doohdndaoC *

TIE Eu,op€6n H€rati(rr of Organizatim ftrr M€dical

fEFol{0 ldltfi u-trnlnfl dn dnr:lyutiqr"r:d
" Persorls.. qualifed with a untuersit! degree or

equioalent in physics, nathefiatics. cofipuling scirnces,

physical chelnistry, mechanical, electical or electronic

engineeri g, etc. anil ...worhing in alliance ,ith fiediaal

staff ift hospitala unhrersities or research itlstitutes. In

addition to their unirvrsity degree or equi|'vbnt they

will haoe training in the coftcepts and techniques of

adViftg plrysics in nAdicine and they will also ha?,t

practical training in the fcld'

drudd:v rvr nlru nr €\r nrnnrfnfldndn.nunvrd
lntrldrhraun 4ruorrifrt ar:rinflin dnr: lrrrl dirr v do r: tflu

{drrunr:fl nurrrft -firlurnrnn'iur'ru-orfi no-rurfl indnr:uvrvtj
v5orfr survir uncldiJnr:fl na!:rtrlr\:f, dndnt:[trvtddru
frdiiqo'fl iai\rdinBr r.riarrtnron{irtadui Inufi
uo! trtsruorrtludfi Jfi nmuhanr:nrtrprm:16r"':dlfiJaa ndu
uovriuhJatjrugn fi ouuriutir :'ulrJdunr:q uadrunr:rlar:rir
a-!nlrua rniJAra$vi?uorudrs d'!riura4orfi orr$:"'ld

lnuiaorfi ouldlunr:oou!fr u!urqrsru t!dsinr:n-ruFlu
nrunrtr fnfl Andn rtLrrdfi ounrur':olin'rrlinur ulcdr
|.lnllllvtutln]ttf, onlttnl0u!a lrnunn lu'l rlnulllounu

rl$iand nrFir!roruiur i:d uo:Hotaur",:d lulnrc
6urdrrfi fi a':orur:rmi i-rurfl ufi uir!fi -nlnorn:artritiirdu
ir,dorrlo'rldrfluotjrud r) r pil nrrri nlo r: nu r nuinildn t
nrrunflrttruiu:vlrru 100 n! nrvqrurYwi.'rul.df1ltnln
:! uo;ranul

tfr ali fi aanu ti'iwniiu ( tfr tnn aw n dz a rj n n tt
i't otu/ a llinil d n d n 1t sw itu d zua a o io f, in v't
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1. frunrn?unlqflnrnraisulairriimrr

t!!e11 uilnT lqurnrutma$r a v]lJlrntuldutlJSh:

n ru .l ull rlllltulon r:tmj ]tuo\ldmlunn r$ .l ll4].r!'tnuu

!dl]

. r#suontr#aou*rrro'i.iloDrrmrinrfl (Com-

puteriz€d Tomogrephy Shrulator) lflunr:riruarnfi:d
n"nu, rr:In:u:rjfi r rfl r trud 6aunr:a.tufud uocol"ulc
aruhdda$nrldul:{dd rdonr:rr,:uuniuunrounndui
uocrvlainnr::"nurirylryol TnuUnfi iultdfu ':rud!

nr:lnurdrurnnfi ndudaufi d'ar:nr:U:crfi !nr:n:vqrs
ua{ llrr fudhUi r nrnr:l"nrr"r rr!1r frrrrfi fi

. taiootangl:rirhnortnT{nu (conventional

Simulator) k!fi an.r:r-r'ruewiruquaugndui rrafi n
nr:inuri tllrrr c a!'lu z ifi laulnraiufinriolnuuflril
ranrr:d rdolflunrrrrr:unlinr:inrir

. !n-lD$F !*:r|ah1r [rurmirnrr uuuaou r,6o
f,'rlii 0-3D Trratment Plannint Computer) lflunCor:
aorirrora{fr rirriaXodrJrudldrr n rnior:lioar:ntrhur
rrnir'r1nrr:irr:fi'r{rhu nlrurtrflida'tnr:fnu-t uovldardo
drA'rgifi'ar:nr:rdur::-r:ilrtruu tlnr:dmr-l InuarrYufaXo
ta': tniar:aru{oddrlaulflurn4or: nr:rdanldryrniauoc
iilrrur"r:dirnncau ft,lud"llr"nnUtllttJ Nn-trnrriti
mrnl:;rrufr:d'tuFrrn:inurlun"r{rJrald Inu1oujwuu
fiounrrhifiourio':anId:lulilr nr:lud 6,r 4 nlucu# rdo rd a
!nDvloalu2!n rnqJtn:!uogl1{nlvlauJtytnn0!nl lu

n"u uon,rhgJd r

. laiortfr|t|t"\tiuiai1lJ 1 ( Radiation Tr€atment

Ma.hin€s) d'tlimdaut r uloAiruJln anlttan (Ladiation

T elet herapy Machines) tdu nla,sani,sdlaua ai -60

ll ooatt-W I realmml Mach tne), LaTAttllttAUnlnoLQnfilaU

(Liflatr Acelerator Machiie) do-nfnnffiniudrondrdlrnrgu

uo;dr{rrddr6nn:au rn4a,rldui:cac0D (Btachytherapy

Macntne) M'rr\:x5ald duni lierl$d0 nft jrautrn dltfi F!r ru

5\:dd\rnruuin tinB"ruosji!r l$dfr !iatdadnfrriurFu0

ooort ntu4:vu:rrrrn'ro"r:aar:n'r'lfil:vdrGnrrnrt{nur

ollu

ztJi I uaaoniouaaufil$ahlogunDinut, mlz'Nuau

! a c n 11 lJ 1 ! tfr u d atr a n ! t! u m tinu til du t o dlu

uanqrndtirrfioin:niirllnurir,, 1 fr fi ti!f,'ould
r'l4a lr4uflnnr5udm$l?uIntdu $]lvtt tn 0't!antl{x!1u

nr:lnu# fiu1i rd\ arJ nz ai n ez q ia ui a1J s e tfr utiSunn',s d
tilv "l (Electrometer and Dosheterd nlaniaf,iloalJnxoi

n'naJannllnle utllurulnA (Beam Modifs Deoices)

nlumior:n"qrfi ouri-ru'r::'rrdrom;zrti{rJru fiir}Jrrr:firui nru

drivrfardaunfidau'lunh:"':d l'rLirJirrrud,:fu auriorda
!nfroanr:ldrrn onrfinaT nr:uy:ndoufirfiorlri{rlrinur
arura"u evrfi dirflnau'tunrrirurfthulcJ:cnatdrl

rn4a':fi oildrilrulrn d,n: da,r'lfi a g'luonrnd&lurl16'otjrrr

SndauadtfilreArSnrvr .r'rliud'ar:ilnrrlrcn-unrua rarau
qrJn:n!rnloufi odrr: 1 4nniaudnoirlnirud'u 1ltu:sriu
tar: nrun or n rndoudo,rag'lurnruiiuauilldnrur orrgu
orno ru}lfir:nr:ni acceptance test rfian:rlnaurniot:fia
lfiliu1 nr!fr nhhrn uor commissionhe rnia,:fiaddalr.r:,i

t2
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rfi afnrniuriaXorauo.r:"rtd rfi alflunr:inur{U:u un:
l.l]tl0{O!tfl lU!ClE!no!fl llmAl ll\)l!U!n lltnul mtn'lun}.1

4nururnia':!a:"':dr"nurdrr: 1 f,-d'ourlnrrnjr,::vu;nor
unc&naunr:q'r rfr$r:id-nnrn'hronor:il'q iorhur#unltr
rvriqaounvn'r riun"turiltati-r: r:uri:uuoglh.ti fi rfi rio4o

r.uit(nla{tNU utalln tll51l $n\t

2. #rum:n-a unriruzrur.Flmrl{:d
-:rrrrufrAdhluidululudru:"r:dinurrvfir.Jiuu4r:

t'tuiifuir-nurll n:ar nqrr'':fi ourdata n rtoulu dlu!ou
riaria nd n-\'llun'r"r onda\lrlE$fiurm5\rd uornr]r. urild l

ro,rrynilnhnrr:-nuroir,r 1 n'LiLd{ilru!flld0i1!ft1ad1u0u
d'r:fuhdrulo d unirar:r-uiinur rinfl dn dnrr uwrti l'r rfl u
da,:fi rariri nraun qxlJfi ,t

. nr:inU{urfr uugavn'rurruo-nrr irtufodlrn
rnia$r"tdl"nu"r tn! protocol tnnl5lu

. nrnfl lr-t-rfi ! mlUrvdunruqnd'ouriaXotorr
ai{:drialillnr:inrir{rhu rd'u rirudnr:4ruo"nnruvnr':ga
ndulirf]ufuAdoETudndr\: 1 rdl] Perc€ntage Depth Dose
uia Trssue Maximum Ratio uoltia{n6u 1 fr1iliua'\tudt\t
luntd z riorirfaXofir: 1 urirfilfidhnr:'n:uarniuru

irr rur-r:dlunr:lnur {Ur u uo vrirdo4 ofldlurnia,:
naufirnahrr:usnrnrrirnn ria!':vriugrfinuavrmrnwru
uor:rj-rurufrrd'luui trrud:"nur

fli z uaafio4af,dndlodu todtulau nlartatuiodlufl

. ?-rul!{un ]linul liox"l M ninnrrinnri tvrr von

h{irauoiov:ru qnrrn:varwor: irnruir:d1u{irair
olunrrtlo{flr-runrrx"lruawGob n'rurrunorrdo'hJinur

{rlru

. nfl ldorml}]qnfio$aourrnfi nuov lrrru{r:d

ilriuri{rJruiror:'rnuuruunr::"nrcrirr'iliu6al Inald

o nrniadsisnrrinr.l5lrrufudrirr: 1 rd! hix]]inr"lduiln

ionization chamberlorlon tLo uiofl dritldrulunr:n:ro

in{i|rr ird rr':'lwinruifr'ounrrnrrroorrlirnru{r:d

lnun:,r rio'ld1ulurioar:unu{drtr lnurorrvhmnini

omriolfi fi naodr'rrdu!$n{rhul6gu rdu nr:orulud{rJru

vrer:or"'r (total body inadiation) r€o'h$ninddudol rdu

nr:orm"r:duwr"r:drYount:! (stereotactic radiosurgery)

raEonrrqru{uduu u ln?Md! (intensity modulated

radiotherapy) dda':nr:nrruqnfi o,rurirultorrrlluruhld

rinruriourdor:angr:lrn uovdar:fi nral:ldirtflu:vuv 1 lu

dlolofmfi"nu, m]ei"tMoru :crm tio{'tnm:uJd$Juio\:

ad lnsu'j r{ ftl]!'fra'roir lin.rlrnra']lltla\n Fi}nnF"\rAd r\rfln

1t': l$uirltl?n\:Iqu:n

g. *rurrniaun-udfi rmuvrnirrf,

riar:rrnir:drf undr:r:rudbiarcd!frfrIdd'ru :corl
rYo s uc'orcrio'lfirfi n(odru!6uurri{n'ldfu duarorfru{rhu
dldiir.ltlrordudlnulridr riu {rJirburur'lr6nurlriouov'lrtrJfrr.rbnrln4nr':frurnllrloandutdar:dudru:-r:d 

v5o

{rdurdoufio 1 rdu rlaorrnmnr,ro{rJrudl r.r3arurf, d'urffi
rfr ollirfi naTluiirldunrnnlnaruludrufrrduriqnenn:4nnojr
n'\:n6il1 uvrljrrua$1"f|fl indnr': umddorlrfi

. l"q:!!!uovu !\nu'tli0a!rca! tdu ljinrufrlfi

:"r:dndr:muqr:Irlnr:oflwinrufr {[rirfi urfo'l rSauinru
d(rJrarrn'n:orfr olroir:f, nr:{nfuunr:i$1"fi rrru rdu
rirrnrn':mfl $Jru'lfia{drurarir uilrruaru r3a'lrtrl'td
a{ drului {[rj riarriar:lriaur:ordrn-r:l6'lauavorn

. nr':a on ut'Lt-rrio,: tniar:! o:'r: i rfr o'lfii nrrlr,rur
lurvn"rd oandu inudar:drisn-sfi nrrr:taun'rir:d uoc
qnorn# darrri':ruirufrr: rf, ur:percthtage depth dase beam WfIe lat isodose chtn
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. nr:c"nmmiaffiafnludrj::Crriar:'lm:ddorr
rfi nqu'ft nr:oilnriu uorniaolnlodd:uqannrdon::r
r"n-u"uvr-m-Firnrulodlurruvdrhurulnf, uovlunrrin'orq 6n
qff,nrn:qn !A!

. flr':qrri?'n -rl'r l"\: dTn u:aufiaodinr:lflud
lnuf,ar:rfinrn':criciu tral unvdauf, nrhudrgdrruninr:ld
fud (hefoil) wanGuru:"r:ddfnldatirrlrrfudn rdon"nnrqr
llJlnjll?0$0Un\t-Ul!nUm[ .l

. oinrnial-i'nrfr uradngruranor.idci rilldu, ft Jor:
filrhrn{oddtf, rdu nr:c"rr'r'luorlrgrrnrr {unrol nro':
nr:rfi rfi rnir:d nr:do6uor:rfu riunh:dfir,runorqnr:'1f, t:rl
nr:q"nvrirondtltan-nrdulfium':n:2n:aunr:niu"ln:ild
1ltllrtluEUtuuou

.'l-auenrqnrauir,r:"udrfulqrra$!anf, 'nff lrqnFj!
rrdulnnoinihrr i6nr:finoioUrcaru\r']uuovdlno!
nr':r{u5r:-nrirdarol uorlvfiar:finr:dotumrlnriudn'-lrun
Iitflurcar

+ *rlrrrnl.r.w't

ria,:lrnluflr1tlu intni0nifnr:uxnldsrflu
Erm-rgrrmmr uo grinfl dn dnr:urutldrulrar!o{luurnro
nr':fl nnr'lul:r: Fuuursd n"rrrfu i.nbdrdufirfi nrdur:Irild'rou
6anr:birlnr':ytitrnr:druf, dndnr:ulrrdIri fi iq-
tinfl nurunrd un drJrcqiriruifdfu ur rinfl nurfl dnd

nr:uxyd fnflnurir:dynf,a uacU:firruyi2l

5. f ltrrri-u

rdolftJ:cdr6n uaunr:flnurdrufldndnrrumri
ud!n'12!tn"t?i[J?Ettnuunlllnul!JHun ]u 1 nolllto

dnnltyrnbfoErnr:rniaufi anr:{nuririnmldotiru:rnr5'r
nrrdnur li 'urf, oyiiruurunvnr:airr:lUrunrlnrlqn
raiar:fia rionr:riruurrniar:fiadrr: 1 d'urilurui{u
irirouhuavfirvnuurifirfi ':rululfi fl dndnr:u. rdir'\ni.r
uancrndnrruirufi aduirr0ndlfi liu6nuu,lylr':llir:dqr
fu l\ rsar6n"rnsa\rnrr{nurrCa'tfi rfi nrJ:vlutinr:on

da{drula5r:

ndndlrurudrcvliufi uanrlfi alrnnrujd'rl
fl dnd:"rrdudr fnfl indn-r:uryrdci!fludoufi aruf, dlr
nrsiarnrraqi f,6rixur ftduA unvnr:rlo{niloiunlu
lrnir:d un"ng n:irurrr oniuldrufin oruf dn dnr: urrvlri
trr]:;ryrnlyrul60nnr:riaunr:oauud': 3 uri!6ain c
uyryrt fiani l:\flurt.traflrtr6uf, ! riruro"ti!fiao d\:!iu
dort,tiuulnnofUtcryl6 nyir:d aar: f,anrucurir u nr a qJ

ur,t-rirEra'ur0uflrll uoedrinilinfl nnrhnnr:fl nur zsae
df, anruvuyfl uarari rln'rinu ldttalluriu drnfuraa'n4n:
Medical Inaging oounrwumunrnn{ y-rnurnniumirmdu
rlufi rfludnszuuudui rnuh uavonldnrruv
tuultuu{Dtu\luo\tvi4ndn t-u }luttunu

o fi{riT
A
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