
PUll Oil 

Ia•eoUgaUou, llotll thoorotioal en« e~r.l.aen1oal, oa 

oleetroaacaetie intoraotien proeooe .. ot leptoaa ba't'e 

Ilea earr.l.e<l out tor ~ ;roaro. 'l'ho iaportenoo ot woh 

ineotigatioao io <lue not onl;r troa tho point ot 4ot­

aination ot in'llo:raotiOil in 'l:heoo o:t. o~oUo p:rooo .. oo 

llo'l:woa tao'll leptou Ul4 -ttor llut aloo to tho poeailli-

11 t;r ot teotiq 'I,Uutua oloetro4;ruaioo( QJID) at "027 hip 

~••rli••• low •XJ~•r.l.aoatal taoil11:1oo aft now &'t'ailnlo 

to 1noreaeo tho pooei11111tioe ot o:r.por.l.aonUq with hip 

enerc;r eleetrono Ul4 pooi'lltollo. Por ...-ple, ooll141nc 

e:t.etron-elootron ud oleo'l:ron-poeitron lie• ~r.l.aona 

aro lleinc oarr.l.o4 out to 't'or.l.t)" tho hip ••riJ' pro4io­

tiono of W. :Jzpor.l.aonto, u1nc hi&h onorg wono to 

etlld7 oleotroaacao1:1o intoraoUoa p-•••• ud to pro't'O 

Qlll a'll oaall dietanooo llaTo Ilea oarriod out in tho paet. 

Al.Jthot.l&h thoro hu lleon ooaoidernlo procroeo ill thio 

o~r.l.aOiltal d~a lnlt otill thoro azoo .... dittioul1:1oo 

Ul4 prolll•o tiUI'I: llaTo naai.DOd IIDOOlft«o Wo aft OOD0-4 

lltn with hip oaorg oloovoaap-ttio- :l.atoraotioao 

with -ttor u4 tho t .. t ot oloot1'04;rllaioe with -•· 

!l'ho iiQOrtBDt hi&h aorg 1ntoraotioa pro•-•• aroadiroot 

auoa-eloo1il'OD knooll: on ooUioion pli'Oooao, llreaaotrahlllJll 

proooeo ot .uoa in 1oho oouloall fiol4 ot atoaio auoloi aa4 
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Ureot pi'Oduotioa of peir of oleotroa-poaUroa (DPl') to:r 

noaa 1a tllo eouloall f1o14 of atOIIlo auoloi .a4 ol.ooti'Oaa. 

!lao liiUIIl JllP pi'Ooooo h tlla •ia autljoot of iiiYoatiptiCIIl 

ta tllio thoato. 'rho proHDt atatua of tile tbeor;r of JllP 

pnoeoa oppUJL'II to too lli&hor tll.a tllat of tllo oxport~a 

ao tar reporte4 tor tllia proaoao. Ia tho l.ateot theor .. 

tical olo'ftlopaenta, 4ertnUoao of oreaa not1oa ozprooa-

1oao ban to .. a aaoo with lli&h •t~a-UOal ripur. llhaltha'a 

( 19,5) theor;r of :DPP pi'Ooeoo &ad otllor o1Jill.ar trootanta 

wore ao11o •ro thall " :roaro IISO• aatoba'a tlloor;r oaa alao 

tboor;r of Roeoh( 19l?) ba\'o tooea uao4 ostaatnl:r 1a tho 

P~•t. llxoopt 1a 0110 -of tlaeoretioal 1'8Yiow with ozpa 

riaotal 1mootiptioa lt;r Wri&h" (19,,1975), tho roont 

ozaot oaloulatiou (Ita].' au, •1.• 11o.-Jtotcrr, ltokou11a 

Petruldlia (11')) haTe JtOt toooa ueo4 1a p:rn1oua oxporiaoata. 

It appooro dooiralll.o to llllko a ori tiool. o'ftluatioa of ol4 

oat! aow JllP Oaloul.ationa in order to Ull4crotu4 tho 40iftO 

of iaplNIW-t atta1aa4 at pnaut 11114 to lalow 1at-nl.a­

t1oa --s Yarioua troataoato.Pntoatol:r tllore to alao o aoe4 

tor a m t10al HaUl.;roio ot paot oxporiaoata oa :DPP pi'Oooaa 

, 111 now of aow tboorotiOal :raoul to 11114 •ro prooiao 4ata 

oa - apootro tooth at aoa lOTol oat! llli411Z'CZ'011114• luU a 

neul;raie of tho oxhtinc o~riaeatal 4ata aq bolp 

OTaluate tho rol1abl.1 t:r of a•tdlable theoretical cnoa 

aootioaa. 
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.U tho U111Yon1t7 of •orth Beapl ( 1962 - ) , wo Udo a 

11ow otut 111 1910 111 oqllll1a1ac ao.,. reaearoh aoU'Yit7 

111 the f1el4 of hip oaor17 -a 1ateraoUou. It waa 

aot pooaiblo to thillk ia tnt~a of auoh larp aqulJliUilt 

1utallat1ou u are in ue 1a a ~er of Pft•aata 

altroa4. 'Ia etuta4 a proJaat 111 oolla1t0rat1o11 with 

Prot. a. 8. 811lba (IDYeat1ptos-1-0barp, Departaaat 

o:t Atoa1o llllerc;v .ProJaot, :Durppoar) 1t7 tal<1q 011 lOIIIl 

•- JIU eqld.Jilllenta hom Ilia pro~eot. '!he &'lld.JIII'IIlt 1a 

a ••eli- 111 .. (til ca x ll~ oa x !JO oa) 1Nlt1plata olou4 

obubor witllita -•-riaa. la a prenou wa4erpe11114 

1nnot1&at1oa adft tllo JIAll pro~aat, tho -• INlUplato 

<i1011d obulter wu Ua4 to ot\147 tile elootro•..,.otio 1~ 

teract1Ciftll of IIIJOBa at a - _., ot altout " GoY 

(CIIau4hUr11910). ~be oqulpaent waa traaa:tero4 to a.B.u. 
oarlJ ln 1971 &114 1b.en ald.taltlJ llouea4 ..a oat up attar 

a oontiauoa ot,...ya1• tor 11oul7 2 7-· A larp area 

ao1at1llat1on oouatar ooatrel a:vat.. waa ooaotruota4 

4urtnc 19'70-1971 tor Maaurneata of 41reoUonal 1at­

a1 tlea of ooaio ra:v no11a. 'fll1a a:v•t• waa thea 0Hb1Hd 

with the INlUplata olou4 ohaaltar apparatua for 1awat1-

ptioao of 1ataraot1oaa 111 41ffaraat tarpt aderiala of 

lllp nerv ooaio ra:v auona troa aroatl7 1nol1ao4 41roo­

t1ona. ~~~ aala ooaa14orat1oa 1a undartakinc tllla Pft~oot 

wu tllat iater..Uoa atud;v at 1noroaa1n& pr1JI&17 auoa 

onoqlea oOU14 Ito Udo 1t7 oporatiq tho IIUltipldo olou4 

ohultor at pOWI4 lonl ln .... oral aeai th anal••· .U 
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alre~ aat1oaed• ou iaterea~ in the preeat inT .. Uptioa 

h on ~be llPP proc .. e of hip eaeru IRlOU in differeD~ tor­

cot eleanb. A tnamaa17 of wo:rlt done ia the propot and 

a .. eri'lled in the fo111' ohaptere in the tbttah 1a iaoluded 

OHAHllll 1 

In order to 'brill& upto4ate old aDd new theoretical wo:rlt on 

DP1' proc .. a and to OTaluate the atatua of the theo17 of 

:!ll'P prooeaa, a oritioal aul)'ah haa boa aade of illpOrtaat 

DPP oroea aooUoa !o:rmulu, 'rho BOat faailiar and exten­

sivel)' uaed treataent of lba'llha ... ftC tha earlier trtat­

-ta waa inoluded for ..,..luation or the -• aeot1on 

reaul ta. 'l'he inoluaion of .lba'llha' a ~reatlunat baa boa 

made with a Ti" to undaratandtll& the decree of iaproTaaeat 

in the au'llaequant oaloulatioaa. file tl.rat Qlm oaloulatioa 

b)' fe)'-D)'aoa (l'D) aathod ( IIUI'ota. Ueda, !nua(llll'l) 

(1956)) whioh baa 'Ilea uaed for ooapariaon ia nperiaental 

HaaurRenta after 1957 hae 'lleell 41eouaee4 aith refereaoe 

to the iaportaa~ oroae ... uoa reeulta ·~· llore euot 

orooe aeotion fo:rmulae aooordinc w Te17' ""en~ oal.,._ 

latioaa ('l'el'IIOTIIk11 19&0, l.el' na:r 1967 • l.el' n~l.oteT 19&8• 

ltoltouliD-Petrulthin. 1971) haTe been eTal.uated. 

App:ron•t• o:roaa oaet1on to:raulu (l.olla)'llk- 1967~ 

Wright 197') haTe elao beea iaoluded tor ezlllliaation. 

•Wlerioal 0Taluat1on of o:roae aaotiou aooord111& to Tariou 



olllon&laUono l1ae llea u4o tor tho pwrpooo ot ohookiq 

nor a wido roace of ODO'J'I1 tranofon 1a low, M41-

aD4 hip I at011o. !he oontl'illuUoll to tho Oft .... o111oq 

troa on1 tel olootl!ODO qior ooaploto .... OiliJJC hu 'lloell 

1ulud04. 8\aoh OOiltri'lluUon 1a - ot low Z atou 1o 

allo\\t 20!'. !ho ezuinatioll of tho OOIIJNUd 4ata o~ 

OIIOilll other f .. turn tho foUowiqt 

( 1) Bhallha 01'000 oooUon ill "h• 1- onorg tn•fer 

raqo 1o llOt wono 1;hall QBI> ooleulaUOil of lift( 19") 

unoidoriq olooor _,..._ll1; of auha noulto with tho 

ozaot noul. to troa laton trflatoe"•· 

(2J 'hrtl0nk11 (1960) orooo oootiolliiP'••• oloool.J' with 

11ft (..:: •1) 01'00o oootillll OYer u -rg tranofor nqe 

whioh widOilO with illorna'lll p~ ••ru otaniq troa 

an onors;r tranofer of allo\\t eo MoT. 

(') 'l'horo 1o osre-t -.me pr041ote4 oroeo oooUou 

aooordiq to ollleulaUono of l:ol' nor ( 1967), l:ollloz­

Xotov ( 1 968) an4 J:okou11n Potnkhill ( 1971) upto oa aorg 

tranotor nluo holt tho pl'i1101'7 morg. 

(4) fho appro:d•to ol!Ooo .. otioll tozau1ao pft oro• 

oootioq hilllG' thea tho Yllluoo pre41oto4 'IIJ tho olll­

cu.laU.oDO Oil whioh then ro~u are llan4. 

~ reproa01ltat1Y~ ooleotlon ot auaerlool orooo eoo .. loa 

data ill tobloo and poapho hae 'llollll 1noludo4. 



A naeMe•nt ot tba paet iJn'eetisattoae 011 DPP proo .. e 

baa Ilea ude ~ a N11111!17ete ot illdb14W11 expert­

ante. It 1a fo'IUl4 that aoae experlaeate are aoan.tat1118 

11114 o~ a fft help oheel< the tbeoretiaal orou eaaUou. 

!'be noaatuttoa ot the 4ata ot thaee expartaeata baa 

lleft aaAe 1IJ taltiq lateet tbeorettoal oroea eeottoa 

reaul.te (10') .... the illdclaat - 11}180tra hoa lahet 

aaaeareaa~~te. Ill tbe ezperlaeate in wlltab a d1at11lot1oll 

wu not poeelble lletna dtraot -a-eleatroll Jmoalt 011 

aTente an4 JIPP aTente, the -ltinad theoretioal anee 

eeCI11olle of tbeH pJ.'OOee- .,.,. takaa 11lto aoao11ftt tot! 

i llte'l!pretatioa ot the a'ftllallle expertaaatal data. Our 

ra-ezaatnation of two auoh axpar1aaata ( AlUtorar ( 1971) 

and Billlle (1972) ) baa abo• that the data ot A1Utotet!(1971) 

are ill ezaelle.t acreeaaat with the tbeoretioal expeota­

t1ona trom I:P theol'J' · for DPP proo •••• .Ullba theo17 tot! 

lO pl'O aeee an4 Ohrlet7 l:usalta ( 1941) thaoq for 'llreaea­

trl'lhluag prooeee. fb.e pioture in caee of experlaellt of 

.Binna Xeara8lf(1972) 1a dtf~erent ehow1Jt« a e7et ... t1o 

6ieorepaa07 ltetween the olleerYed and expeetad ~usller of 

aTaate al.aoe1 onr the nola r~~~~~e or nero: traneter 

inveettsatecl. It te 'lllll.iltel.7 that tb.h d1eorepall07 arteee 

troa the tatlure or the theorle• of the inter;.nUoa pro­

oeuee. Ill a l'ew experlaente \llaa 11114 Btllha ( 1967) , 

OllaDdhurl alld 8111ha (1965) , laut1q alld Buen (1965>) 

the aul.tlplate olcu4 ebeaber aeaaureaent olata were 
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aaal.Joe4 artor aeparaUq oat .... enta of 41reot auon-elootl'Oil 

latook oa ooll1a1oa, 'llla raaaalpia of tile tint two esperi­

aenta allowa 1111. OYerall ap'eOIIOnt or acreomant w1 thin ata­

t1ot1oal error bar. with tho KP theor,r of DPP proeeoo 

taltiq aloo 11-.trallluc oontr111ut1on into aooOllllt. tho 

rooent oxporiaant (Join 1974) with 15.8 Go'f/o ao .. lora'tor 

auono in Olllllllion (Z =' 21) si,. .. a o1'0oo oootion of 

.e~ all/nuolaua whioh h llllallor 117 aoro thllll. a faotor 2 

thllll. oroao oeotion oxpeotod acoor«in& to Yarioua thoorioa 

o: tho :DPP pro .. oo. !hie roeult :I.e in total 41eagroaallll.t 

with the data in the oiailar onol'IT trllll.afor reqe tor 

copper (Z•29) in tho o~mont ot Daa and Sinha (1967) 

..,.d tho rooul te ot the preoont exportaent (Chapter ') . 

The roanolJ'oe4 data are aloo &1Yen in tabloa. 

tho preoont oxper1-ntal otllll7 ot the DPP prooooo of llich 

onorv a~~ono lo 4eaor11Jo4. A llultiplato olou ohullor with 

control arrancaont ot a narrow uclo plutio oo1nt1Uat1on 

oolllltor tolo-po ... 4oo1pod to olJoorft intarootiou ot 

-•ao troa 1arco oon1 tla anal••• In a pro•louo iuooti.ptioa 

(Oiaaa4huri ant Goonal 1970) tho ·- oloucl oll•nr wu 

operated andorCNun<l for tho otllllJ' of high eno!V -

interootiono. 'fho ooa l..,.ol oboenation wu udo fir.t 

at tho Yertioal 41reotlon and thea at two oonlth anal• 

raaco• (40•-50•, 70•-80•) uader tlao oo1ne14- Mleotioa 



qot .. ntr lliJI&].e pari1oloo. !he 'IIM1o data Oil DPP O'f'elltO 

produoM in tb1n {1.5 -> al1111ta11111, ooppor alld load. tu­

coto (tulo ,.1) ba'ro 'lloen llllal;roed, tor eaorg t-t•r 

1atornl aacl 1atoraot1oa oroao oootioao. W1 ttl tbla tarcm 

tho dUftoul.t;r in dot1J11w 14ent1t1oatl.oa of d1reot ole­

oboa pain •ae a'IIMat alld anon ar1a1q hall t1JI1 to 

tarcot tb1olmo.., wore tbuo ol1111aate4. !lb1Jl taraet 

'llr-etrablllllC ~ alao appeu u direot pain, 1inlt tho 

oorreotlon tor tblo etf"t 1o ae~1ci'IIM •t onerg trane­

tor alld tho tarcat tbioknooo oone14ore4. !he oaerg of 

no direot pairo - .. ti.Mtad. ua1q newl.;r plllll1olle4 

aoouraw enerc;r lo .. 4ata of oloot:rone alld poo1t:Nne 

( Wlrcer and Bel tear 1 'l67) • 'l'bo total n1111ber of 41reot 

plliro ohene4 io 109 with eurc;r in tho intarnl ' ••Y-

~ ··"· 
!wo ooto of llllllarpclllllll (148 -•> data wbioll- aot 

anal;rH4 before "" 1nolu4o4 ill tile prooont .w.s;r. Ont 

oot of 4ata 1a tor 12.6 Pl•2 hoa tarcato alld -tiler 

tor 10.9 Pl•2 lolld tarpt. !ho total a.'llor of -t• 

(JIIIlre an4 allaworo) 1a l.roa tupt 1a 114 an4 total 

.-'llor of n•ero o'lloorYot ia load. tucat h 12,. 

ror tllo pupo• of oot1Mtl.on of onorg of woata, a 

orl. tioal oDIII.aatl.oa - t1rot alldo of tho aftila'lllo 

ralotl.oaUip ""'- obowo-•:d- an4 allowor onerg 

·-~-to oo-tional obowor tbooq 11114or .ppft:dao· 

tl.od, - obollor tboo17 of !hl.alllol.a lo11M:r {1972) 



ahower ,._...,~cordlac to IIIIDta Carlo .. thod ( Orawtord 

ucl x .. aol 1965) and ahower theo17 ot lluJa (1963). It 1o 

ohown that ~ enorcr ootteatod -T •onto Carlo aothod 

h nne tha rewl to boll other DalTtiO aothodo liJ' a 

tutor ot Uov.t 2. lt lo aleo llllown that reoulta Wltft 

appzold.uUon Bot oolft'•Uoaal tboo17 an withlll""' 

ot the neul to boll the tboo27 ot !blolbela ucl lollur 

(1972) wile IIH4 •-t 1nteraot1oa on .. oootiono 1utoa4 

ot ..,...touo ..-aluo llOOd ia OODYontioaal llllowor thoorioo. 

For •ow•r do..-olopuat 111 iron ucl copper we hue uoell tho 

rolatloaoblp bot..• obowor NSi- and llllower onercr troa 

tho ooDYoat1ona1 obower tlleoJr7 \Diller opprold.ution B. Tho 

oxporlaatal oroa oootioa llata llori"f'Oil boll all oeto ot 

obool'"f'&tiono bavo -••n pro-tell uct, tor naluation, 

oxpootatlono aooo1'1111l& to tho thoorih or tho "f'&l'iou 

p.I'Ooooooo 1JrtOlft4 lluo aloe -·oa iulu404. th .. o llata 

._ lion uooa to otudT(1) tho aopoaaonoo or the DPP 

1ntoraot1on orooa ooot1on on on~ traaoror in a ronco 

troa 'KeY to 16 GoY, (2) 4open4- ot intenetlon orooo 

oHtioa on priu27 auoa ••l'CJ ( ,, tho aopoaa- of ia­

toruUon orooo oootioa oa tho ratio l(ll+a)/A. tho onorcr 

traaofor dopndoaoo of DPP intoraotioa orooo oootioa at 

••1'7 low onol'CJ tranofor 1o loUilll to bo roaoonalll.J' ia­

toQroto4 liJ' tho latoot thoorloo an4 aloe -7 tho orlciaal 

tboo1'7 or -~. Ia thlo oaorcr traaofor Hcion JIU!("' -2) 

orooo oooUoao are abo'ro 'loho oxporl .. ntal ..-aluoo 



( exporiaatal error bare touobiq tho ill -• o .. oa) • .lt 
••41- ud biper ellerv t:renoder, tbero ie ao diooreJ>UlOJ 

betwea tbe data uul expaetatioll oolleiderin& OOiltrilNtiou 

troa 1111 tbe tbree preo••••• iJaftlnd. !be tread of bella--, 

'YiOI' of tbe data ia e•tlfor nth 1ow, aad11a IUid bip I 

•1••'-• 'lila ollaaned ltfta'Yiol' ooaearaiac depedellee oa 

pr1U1'J' Ollft'S7 IUid Oil tarpt aaterilll ia ill -oro~aaoa 

with tboo:rotiolll pradietiOila • .lll -01111.t of o;rn-tto 

errore IUld oornotioaa eoaeiderod ill tho llllol;rob ie 

1aolu4ed, 

!p abooluto 1atue1 t;r of the hard ooaponat (..em) of 

oo .. 1o rAT• at eea le.el 1• a dat. aae4 aa a etall4ard 

in oooio rq work. !be otandard n1ue tbat ... uaed 

osteneinl;r before 1970 had lien der1Ye4(ltoaa1 1948) 

fi'OII u-ento aade 1101'0 thaD ~ ;yearo ... ( Groioa 

1942). Tery reoontl;r, new -•t• haT& "baa a&de 117 

ueinc oopld.etioatea eqllipaent ll;r oe.erol wonea(.ll.lkofu 

at al 1970, 1971,A8hton 1972, OI'Oaka 1971,1972J~ 

197J, lie 1972, •c 1974, qro 1971, 1972). file ftnt of 

the reoent •-roaenta 117 Al1kofe at Ill illdtoated a 

41oorap-J of allout 2"' lletw&Oil atadard iatelrol Ylllua 

ud theil' Ha~.,.liluee of 11lhaeitiea at 1 GeT. lhaJt­

oequeat •-•t ll;r other III'OilP• haYe lteea ..eta ia Ul 



ot:lbn to ehoolr: tho roiiUlb of .Ulko~or ot 111 • 

.&a aoooWlt of tbo aoaou.roaont of Yort1oal ooaio rq aaoa 

1Dtone1t7 1106o at IDIV oDpua 4ur1ac (1972) 1o &ina. A 

YOrJ aarrow aQSle oo1nt1llat1oa oouator toleooope wltb 

arraac•ont tor enluioa of ino14ut oboworo - uoed 

to .. a•~ abooluto 1ato&ral 1atoao1t7 111 tbo ~ 

-•atua raac• (0.,2-2.7) oo•/o. la tho 0Yaluat1oa of 

abeoluto 1atuo1t;r.tbo dfoot of IIUltiplo eoatt..S.111 111 

tho aboorber .. torial witbia tho goaotr, (t:1.&.(4.1)) 

11114 other oorroctiono tor 1notruaental. Oln'Oro were taka 

into aooouat. no baoic data 11114 the t:l.aal. abeoluto 1a­

tona1tioo after Tarioue oorrootioao llaTO bee pYa. A 

coaparhon of tho prooont roiiUlto 1o pna witb tho earlier 

aoaouroaonto and ooparatolJ with tho reoeat .. ~nto 

taking into account tho ot.root ot 1 1 ;rearo o;rolo of ool.u 

aot1T1t;r and latitude at:Coot • .U.ot all tho OU"lier ..... 

euroaonte 41aacroo wbea oorrooto4 for 1at1tu4o ofteot. 

tho recent .. aouroaoate oorrootod tor latitude ottoot 

ozoopt two or throe (Bbattaoharjoo 19'70 0 l!'liat 197,0 0rooltoe 

1969) ebow olooo osro-t ooat1rll1111 tho ral1U111t7 ot 

reout ao~t• a'l 41f!eront pomapotio lati tladoe. 

!bie ooaparieon thuo oonfi:r~~t~ tbot or1&1nlll otandard 

abooluto 1nt•o1t;r at o.,, OeY/o 11114 1 GoY/c are at lo.-t 

1~ 0114 ~ roopeoU nly ••llor tbon tho 1atoaa1 t1oo aow 

4otora1ao4. 
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Ia tho oulior aa4 •n neent worko, 'IIOth ezpm..•'lel 

&114 thoonUoal renew, tllfto - ,.,. aa4 41ff1oul111oo. 

Ia tho pNoat work, ~ O'ftluoUoa of illportllllt tho0l!o­

t1oal tno..,.to 1o nartbor GDolldo4 ooYiirlq o:dot1Jic 

l1111tot1oao. A rnulJ111o of tbo o:d.Uq •uu-to 

bai. boa llado 1101'0 or1Uoall7 tlaoa- onr ctoao 

before. 'lho pro ... t ._......,. Ci'ft IIOir noulto 

aupo~~t1Jic ud ftU:lllc up tho aapo aa4 o10U'1D& to 

a ooaltclo~blo ..teat tho oontu.ioa that p..a1oto4 oo 

loq. 


