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mOTOCEE41n■ 7 ADD工TIEO■ t『

1,う D̈工¨  IF● D‐21BL TRTamttE
ΔFD SUDSEQUERT EDROLIS工 8 0, ,・・Ⅲ ADDuCT.

F.B.工 . A■-3andar Sa■コan A.S. ■1_」anabエ

工HTnODtrCT工 oI

The aこditiOn o! 11,¨ dioX。 lane to the md●●yl●■■● 4●●b■●

bond oF 2,ぅ ,ラーtri-0-acety■ ―D―ribal (4) e・・ll。ぃ。●● by pL● toch●コ■ca■

radiation u● ing oither 81'●●118ut Or a t.v. ■a口po Su●●eq“●●t acid

L7dro■ys■8 of the adduct was carried ●ut yie■ d■ng a proallct wlth

clear ェndication oF the preBence of  re●  carbon71 8Poup.

■18ht illduced additioュ  of 4,ぅ―dioX01ate and ●■■■■ar co■ p_

ouds to oleFine8 haVe been denonstrated by no8entha■  and E■ a●[11・

Δddi tio■  o■ 4,う‐diOx。■ane tO uneaturated carbo● 7drate8 Wa●  'Oportea

■ater[21 .  Pno七 oche■l■ ca■ ,eactioll product8 8hOFed that 4,う‐diC‐

xolane Favors adaiti。 ● fron position (2) and ■e●8 ■■ke■y frOEl

p●sitioll(4)[]. Δ コこxture of product日 18●●ua■■y Obt4ュ●d ind■―

cating the no8t prObab■ e Free radica■  l■echn",3n OF aOこ itioll.

2くコ:
1, r-Dio*olale Dolcculc

Hydro■ァ●i3 or the l:2 adduct was the iコ portant 3oxt step ag

the expected 2,ラ ーan●7dro rurallo● e to be produ● ed wou■d Lave a froo

aldebyae grOup at C. Ihich i3 an attractive Fuュ ●tiolla■ 8,oup Fo,

e■aboration oF C― nuc■eo81deS and the■ , ana■●6s E43・ヽ
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'TSULalS AND D工 SCuSsェoN

2,ぅ ,ぅ
_tll■ -0_●。ety■ _D―lliba■  (1),as radiated under at,。 ●t

Bllrtlicht in tt a● ●tOne u● ing quart8 ●el■ .  The product●  ver●

ldentical tO tlle oュ 0 0btained under radiatioa withす 。V. 118ht

u●■■8 a ■18h pr● 8gure ●Orcury ■aコp.  vboll aqu● ●u8 a●●tone tr● ●

u●●d, the reacti●n wa8 rOund tO be Fagter w■ th better yi。 ld8.

The phOtOche口 嗜cal additiOn or the l,ぅ _diox● lane‐ 2-yl_

radical lo(4)vou■ a take place at C4コ aiュyぅ ■,o■ 。ヽth丈 _and 
β

Slde● oF the l― elloFurancyl  rille thu8 6iVing (2) arld (ぅ )1l a

t.!.C. lDdicated the prsa6nce of oafu.Iy 2 spot6 attributed
to coepourds (2) end (r) a.ud aoDe of tbe startilr8 Eatoria1.

P.o1o!B6d treatD6lt xouLd reault i!. Ure forlati o! of
deacetylated producte.

Dlution of tb. products bJr coluE clroratograp\y arf,ordad
rerao[able yields of tbe erlrcctsd products xhl,ch raro tdrutiflad
by CrE a.t1alysls and both f.B. a!d. tr.!t.8. BIrectloscopr.

I.8. slroctDoacopy LldLcated ttr abseaco ot C-C otrochlrg
in the products. l{.}1.R. spectroacopy bd.isatod th6 absolc€ ot tbe
cheEiqal shlft of tbe olcfiDlc protoD irLth th€ p!e66!co of a

loyer shlft lor eldehrd.fc protoD plua othg! sbitts lor ctryl,€Dlq
p!otoaE.

Acid t!.atleDt of coEpould (2) as a! atteDpt to proAuce

coEpound (5) vae uot succesaful du6 to tbe appar:slt

reaEalteuoDt of (5) aft€r d,eacetylatloD lD the acidic EeiliuD 4

AcocH)

争

+匡〉―
AC

ヽ
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to give tbe a,4 a!$rd!o auose (6) yblch tas i.adicatod clc.r1y blr

l[hcrrlorc ! tt yas lEportalt to loacet'y1ate (4) t! tts

rlactLo! dxtula to protoct C5 floD attack uahS acctic 8D\ydriac

8.!d p:rrtdbc th.t thc product aft.:. rEolatioD xas trcated ,ltb

aqueoua acqtlc acid (5o#) [:l . n.r,.q. iDallcatetl tle Pleseace of

tro coapoletrta. lhg iora lolar colpoaeDt gave a posLtlvc t'rt

|'lth 2,4-.i{rttropb.!Jrl \yarazittc.

I.B. spoctur of thc arp€cted ald.ehyd.Lc proatuct shoved the

IrllaGDc! o! ac6tatc Sroupa at 'tl4) c[-l , as1 fl-C=o str€tchlsg at

28aO cfl, *h1lc thc N.!r.n. deta ahored the preaetrce of aa tadt-

hlrtbe! prool of tbc etluctu!€ of the ar2 adduct Yas acLL€vcil

bJr tts btdrolyat6 la godiuD ethotidc to gEve the floe alcohof'

2- 0 -rlbofuranosvl-1, r-dlorola.De uhlch ghol[eal tro sisDifLcalrt
I

llgDals et / +.2 t"a r.? to! tLc ecqtal aad !€thtre!€ protoaa

lalpactlvctlr b, !r.}l.B. apQctroscopr.

E8'EB]I{ErlII!

Photolral6 rort:
1. qlA@'

A) By u.hg 1rr-d1o8ola!a '!'l 
eq[6oua acetolg I

l atxtuts of a rr-d1oxol.T G (1, D1')' aqucou' aoctols

(2 ,-L, 4i,.!d thc D-liba1 dcrl?'tlvo (1) (1 g') ra!

lrradlatcat tot 24 bta.

OH AH

slclantel slalysi.s oD tho iaoLat.d ploducta fror

H+_.>



B

A solutio! of !-rila1 dexivative (a) (0.58.) in acetone

(4 rd.) h,a6 then added iD four eo-ua1 .ortions at (12) hrs

intorval8 eDd the Eixture was furthel. i"radiated until
thele wa6 !!o cbange i! leactioD uixtu"e (96) brs.

!.1.C. ( benzene: loethguol B:2) indicated the plesetroe

of three couponeats aftet )6 br6. wldch posseaed ideEticat
Rf velues to the reagents. After llfther 24 hours two loore

collpouDda were developed. the reaction rdrture was dried
ove! a.Dl\lrdlou6 aodiuE sulpheto, filtered., alrd thea evapo-

reted to d4me66. the ]cesj.due (4., E.) i{a8 adsorbed otr

6i.Iica Bel (1r0 g.) Uution yith beDzene affo.dod a

fractiotr <O.r9 e. 2V/" yield) which wa6 attributed to the

startiaE Daterial (1) follored by a second fractioE (0.89.

a?.6% yieLd) uhich wss identified a6 '1:? adduct of 1,J-

dioxolene ribofuraloside deaj-vetive lrhose I.R. apectruE

shoxeal a stroE8 absorptioE fo! (OH) e;roup et absorptioD

bsnd at 164, 
""-1 

fo. olefilic boad (ECrc).

C, 49.6,% ■, 6.20%

C, 49.44% H, 6.7引o

う。7 (A― protons, 8inglet, eth7■ ene)

4.7 (4-proton, sing■ et, aceta■  H)

う―ラ.7 (|― proton, コu■ tip■ et, Eぅ )

4.2 (r+-protoDs, dultipl€t, 
'1,E4,2Ar)4.7 (2-plotoas, ildigtinct doubl€t,

Euperilrpoaed acetal E! a,td H2).

2.45 (1-protoa, broed D.lltip1etr0E).

, (9-protoD6, sil8tet8, , Oac).

2.o1, o.>1.5 beloDged to reaSeat.

Elution rith beDzeae: uethanol B:2 Eave a third fraction
(o.2, s.) (1r.6%) *ho6o I.R. spectlun was idetrtical ritb
that of the Becoad fractioa of 1:2 adduct of '1'r-dioxolalle

derivative.

Anal.cal● .for C4♂
18°8

Found

N.M.R.date:at,p(`)

ヽ
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Anal . ca1c. for C,,,OEaUO? Q, +8.2V/" Ht 6.4r%

fonnd C, 47.18% H, 5.95%

While the last fraction was obtained in (6% yield)

whose elenental analysis indicated that it was not a

carbohydrate conpound.

B: By using,1,l-dioxolane and dry acetone:

A nixture of 1r]-dioxolane (t, ml), dry acetone (z rof)

and D-rivai derivative (1) (1 B.) was irradlated for (24)

hrs.

.A solution of D-ribal derivative (1) (0.5 g.) in acetone

(+ n1) was then added in four portions at (e4) brs. intervals

and the nixture was furtber irradiated. u-ntiI there was no

chaage in reaction nixture (144) hrs.

T.l,.C. indicated the presence of three components after
(72) Urs. which was attributed to the starting material and

reagents respectively. The fourth, fifthr and the sixth

conponents were developed after (96), (120)' and (t,5) urs.

respectivelY.

Excess reagents vrere removed under reduced pressure and

the reeidue (l 11 S.) was cbrouatographed on silica ge1

(50 e.) Elution with benzene Eave D-ribal derivative ('1)

(o.4 S. , 26.6% yield), followed by 122 adduct of 1,]-dioxolane

ribofuranose derivative (O.7 8., +1.695 yield) as a syrup

prod,uct whose I.R. a:rd N.M.R. spectra were identical witb

the ones obtained fron pbotolysis in the presance of aqueous

acetone.

Elution with benzene:metha.nol B:2 afforded a third

fractioa (O.25 g., 14.8% yield)whose I'R' spect:rrm was iden-

tical with that of the second fraction of 1tZ adduct' while

the last fraction was obtainea in (5%) yield as a side product'
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fn direct sunlight:

The roethod of Roseothal and Elad vras followea [f]. A

ni.xture of 1,J-dioxolane (10 nI), dry acetone (Z nf) ana

!-riba1 derj-vative (1) (O.5 g.) was left in d.irect sunlight
for oae day.

A solution of olefinic sugar (t) (O.2, g.) in acetone
(l n1) was then added in seven equal portions at one day

intervals and the nixture was left in sunlight for anotber
(e) aays.

T.L.C. indicated the presence of three conpouents after
(r) aays while the fourth a.rrd tbe fifth conponents were deve-

loped after (5) and (10) days respectj.vely. trkcess reagent

were removed under reduced pressure a:rd the residue (O.A g.1

was chroroatographed on a silica Se1 (/CI S.)

Benzene eluted a fraction (0.f9 *. , 26/o yJ.ei.d) which was

identifiecl as the starting naterial. Elution with beazene:

nethanol 8:2 afforded a second fraction (O.r5 g., +1.66% yi.eld)
which was identified. as 122 ad.duct of '1,]-d.ioxolaae derivative
followed by a third fraction (0.12 g. , 16.y/o yield) whicb wae

identified as the deacetylated product of 1:2 adduct of 1tr-
dioxola:re derivative, while the last fraction was aleo obtained,

in (6%) yield as in the previous experiroent.

Acid hydrolysis of the 1rJ-diorolane adduct to generate the

free alCehyCe coropound:-

A stimed sofution ot Z-(2,r,5-tri-O-acetyf- p -O-rito-
furanosyl) -1,]-dioxolaae (4) (0.a5 g.) in acetic acid-uater
1:1 (8 nl) was continued for over (2a) hrs.

ヽ
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E.L.C. Bhowed a 61ight chenge in R, value a.ad a ye1lol, spot

appeared oa treatment with alcobolic 2r4-dinitrophenyl bydrazine

6pray. The product was ieolated using chlorofom trieliiling a 6Irup

product (o.1 g.).

r'R' data: :L: ;-;':::iT: ::i.1;' :l:'**,,
1l2o ca-1 due to aldehydic eroup (-Co)

2880 cn-l due to aldehydic proton.

N.l{.B. data: at pp" ( 5) 8.'15 (lntesratetl area was uot clear
presence of aldehYdic E)

5.1 (1-proton, nrltiplett Er)

4., (4-protons, iloublet, E1,fr4,?8,5)

,.9 ('l-proton, triPletr E2).

2.1 (9-Protons, siaglet, I OAc.)

Basc-hydrolysia of 1:2 adduct:-

A solution ot 1:2 adduct (2,r) (o-o89 g.) ia dry ethanol (1 I01)

raa trcated wltb a solutioa of sodiuu ethoride (2 dt O.O2 N). The

rcaction oirture raa shaken for (5) brs. lI.!.C. ia benzene:nethanil

8:2 indl.cated the presence of tro couponents.

BIO - nAD (Donex 50 - lI - x) reein (E+) was added to stop the

reactiou, fl1tered, evaporated to dryaess, yielded a Elrrtrp product.

FiIn A

I.R. dats: il TrOO ca-' tor (OH) Sroups
,ax' 

fia) ci.1 for carboayl group

N.}I.R. data at pp^ (6) +.2 ('1-proton, singlet, acetal)

,.? (4-protons, utrltiplet, nethylene

Protons).
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TREATMENT OF IRAQI W00■  WI TH

ANTIFELTING AND ANT工 SHRINKAGE AGEIITS

M. Ko Sadek    ana   se A. So A■ ―Janabi

ABSTRACE

Dlffereat oxldletlou. nethode to preveat feltlng and ahrlntlng
of weol, rare stud,lel, eepeclally copper aulpbatehyilrogea peroxlde
aad pottsrlur perucngearte netheds.

Ia thle p8!c! rc epplled copper aulphete-hydrogea perorlile
netl,cil.

attenpts have becn nade to find the eptlnun rcactloa condltleas
bettcen rpol ani hydrcgea peroxlde la the preaence of trecee of
cooper to perfo::m antlfelt eail antlshrlnk {nproveeeDt. Dyeing pro-
pertlea, feetnegg teat, physlco-mecha,aical propertleB aua c,henical
censtitutlons rere lnveatlgetcrl as re].rteit to the oxldetlon

Bhe recctlooa tere cerled sut et different taperatures and for
varloug lengtJo, of tLne and at varloue pHre.

INTRODUClIOIY

I: Stuiliee on sbrlDk aaril felt-reslstaxce ee releted to copper
aulphatc-hydrogeu peroride treatment.

there are nany factcra that coulA take some part ta feltirg theae
facto:rg are D.F.E. (Dlrectional Eractloual Effect) er acalinesa.

.: Sone of the naJor propertlee that coulit be effecteri. by fcltiag are:
Curliaeea, Q3lnptr€aa; ead ltrlet f{.

?hyeicel orilatioa aaC aCclltlvc proaseaaee are foll.ored ln thla
^ paper anoug other trcotnents to reatler rcol ratlfeltable aaC
- aatlahrlbkablef2]

It hae been eatablisheal that on applylng hyrirogen peroxide
either in aclC or alkaIl media to uool, antifelt andt antiehrink
effectc couta be obtalued f3l . Ibe factore govcraJ.ag t&ese treat-
neats were fcual to be concentratJ.on, pH, temperature a,nil iluration
of treatroent.

(*) Department of Physics, co■ ■ege of Education, A■ ―Mustangiriyah
_ _ _UヨileFSity,_BagLattd___IRAp._ _ _ _ _ _ _ _ 

― ― ― ― ― ― ― ― ― ―
Al―Mustansiriyah 」ournal of Science, Vol. 5, No. 1 (■ 980)



tUc rllctlon bctr.Ea rool .!d E2O2 18 Dorctt\rllt c.t.l!r.od

by hlryt lctal loa 5rlch.! coDDo! or qfcrrl f &l . Ih! plroc€as rjs

Irl..!11, rtuiucat by tratttouch .Dal, corolk.ra and lt ra. lcDolteal

thrt tJr. tlGAtr.at of rool fo! 1, ir.Dutra rLth 0.25 8/A.CultoL

follorcit !t .Uaf 1!6 bJrdlogcn Dcltorldc tr...trcnt ( 2-4 vol. )

laaitclr0 rool rDtl.irlllrbla .ait aDttfalteblc at 50o C to! olc

uow[5]. lh. -8-!- botra lr lc.auy ortittlcit lD th. D!.!.!cc ot

hc.vy .stala but tt l..!ot tsot! tbathc! th. orlaatlon titL
CrrSob,/ E2o2 tEocrrA by th. .3r. ohrrlo.l lc.ctlou f6]. o!.har

aryt Statiar lEvcttlgrt.C tha latthg of tool lu Calclrr. cblolldc

ard s1!. ruuthstr f 7]. nlt.cc[. .tu01.a th. u.. ot ohltollur r.aal

cogDcr ralti f8lr fofacc lDr.rtt8.tcd tha lcscttoa of tool rlth

loalll. rE:.Ifilt lld D2+ f 9] .

DIPNIIIXTrII

IrtclLla .Dil obarloalas

1. Eg3 !

I!.f,l rool (aatl) ( loo t ) ttb.!B, (5o .), fllcncsc 29.6 u,

rrrhait thoulo\r, acol8rA tba! lir.tra.a tPtr.acd .dl rova! la labrtc,
t l\l 2/2, rg?at.dl, E I, 2/ t rcttlc. ,a?r 1t/g natllc, .!at. p.!
lvn h 77-76t l,lat. Dc! lDoh 1. 73-74, Eou.!.a .dt c!.bbcd tcsv.A
lD t.b!!,o. Co9tr" .E:.Dhrt6 (hyd!o$) ..Dit \yd!ogc! Dcrorlito (ffo ro1.)
of tnrr. 8!.ita tlra uad.

2. Frt.trcnt d tool rlth oopp.! aulpba,t. a-od !r"il!or!!c p.!orr,d.r

aoouFa rool lf t!.at.A ,,!r I ooDtct! .u1phat6 .olut o\(O.2-4,),

ldJuti.A to fE5 ( llt lrtto l,:4O )r fou! ttloE !.!81Dg tror IHO



llDutcs, rlth occarloDal lhC.lDA 18 r thcrroltstlc ratatr brtD
!t tclDqlatunaa r.rlglDg fro! lrO-6OoC. tDr.quc.rllt cottD,
anll,hatc tlcated rool L. lDrGlt.A lDto M* bati oottalDlng

\yAttogcnc prlortalr ( 1-2 vol. ) tdJu8trA to !U4 ,lti rulDhurlo
.clil o! to tl18 u81ng roar.u! alllcata at tclpcr.turlca !urgr,!t
ftrot.l M0 lll]rtqt rttJt occ.alonal agtt.tlo!.

th! tlrrtcd r(al .rrDla rar !l!!cA thc! tlc.tad la l!
aotolfl.A .oit!.ur rulDhlt. bath ( t \t2gr1 /\ O.rrl 2r E}t,i,Ut )

to! 15 rl,[utca !t roc. !1Da].1, th. ,ool, y.8 ttlrroughu raehga

rlth hot th.n rlth cold r.ta! aD{t ftDlLtlr ,as .t! dllca .
,. llrlrtlc.l Icthottu

aa Datllrlnrtlo! of 6rItO4 colrurDttoa fiO] raa Uyanogeuc Dalortac
coarIl,tf oaft r-lt! calcqrtcd flor dlffclcacc l! coDccatlirtlo! oa

th.l! lo1utlo! be foro rad rfte! lcrctlollth,ool .
b. Eolubllr,ty aeesur.rcDtt !

U!c..t 1.ulphl tq lorubll tr,rLt 4, !!a .rll.l. L-.ohbt11tr[r r:l .!c
crl,oulatoal !a pclcoltigc of tba d{y rtSht of th! -rlr!.c .

g. llthatlott of totrt DltlogrDq h rool bJr . rtclo-trrla.hl
rcthoatrb].

d. tltlratlotr otr suufiulc aont.lt ,,! roof fi5] .
c. lDlno acld amlysLE I

lgtiustton of tylostnc fr6] , tlvDtoDbaa fifl, crctraa fi!.t..
. t. LlttDg .ad rh.l!*aac t.st of f.bllo ,aE c.tb.tc6 Lrt] .
8. Icchallcal !ca6u!6ncnt! 3

f.B.tlc ltlcDeth rDA cloogatton f2ol , oount nuDbe! f-21 .[d
trlrt tcrt 22 .

4. Eatts of rool !

th. lollortD/q dye€tuff! of dr,ttlrat claslc! ,.rc usod !



- [aaa C1a.E Sup!1lcr

pola! brLu-8lttB llcld Acld Red 249 (Clbe - O108y)

DLlotrd chlolo Chltolc lordanA Red f9 ( Bqvc! )

R.d 50

tlcol,aE OreDgc O 1!1 l.t.l .lcla ols.Dge 62 (Cfbr-Ofrgy)

collEi.or

R.lalaD Ycllor OO 2!1

Ictal co.I)Iqt ,lcld Yellot 149 (EoochEt)

5. Ctbacroa Blua BR nc.ctlv. Rcactlvs BIu. 5 (crDa-o1cgr)

fb. Alff.!.nt cleagcs t6l'r .Ppl tcd aa icDtLoDctt by Blrdf2], !B

t6!gcr.tq!c alal tlr. .ltc ritJu3t?d rccoldlDs to tbc dychg prooaal

5. &]!!g!!.-!9@ !.BtEs! t 6tr a!. rq,oltcd .ccorAlag to IgO tcatl

aa follors3 ralhha Iso t.!t No. 2 fz3] , raetacas to ltght L24],

!e6tnc6r to rubblDS [25]1, rartneca to D6lallrstlolr fa6] , laotncoo

to cti6bbhs f 2d.

!9.ult. -Igl_-IfBqua 
I tot!

ID opiler to scc.atuatc the coDlc! .ul-Dhat.-l\yd!o8raq

Doro:lda l.Dro?clcnt, . rystcEatlc .tu(y of thG rgaetlotr of

rool ,1th coppor &]pbato , thca rttb lryd.ogsuc peloxlils lrdf tlDdfy

rlth aodl{r bllulphlt laa cat.llcal out la thc 11Dlt6 rhcrc rool dlA

aot looao tt. flblour clralactcrlrtlcs. Ffg. (1) repleaont tbc

ri.atc! otr oopp.r lulpbat. conoulDtloD. It 1! clcr. that thc lratq

lllcloaacdl by thc lncaeele of t6lparatura alil tbc of reoctloa .
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２
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II.
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lu

Coaplct. coDlurptlon coulo b. acblcrril rft6! lO-20

alauta! oD utl.ag lcl,atlycly 1or coDccatlrtloaa at 5Oo C.

OD t}lc otblr hanil, c-Dtata copD.! lulDhsta coDtu.Dtl,oa

coulit aot bc l...ch.A cv.a rtt.! 60 .lauta6 ft 6OoC, tilctr
urtug O.5B Ctrgob. 5H2O/L hdtcrthg r Aecr..!. 1tl th. .fftaltlr

oll rool to coplatt dtaa cstttah coalullrtlotr. qautloa rddltlo!
ol coDl,ar auLplrate at 1or taLDticttlloa arcaltah ,.ta lavcllllg
ot tooL .

Srl.cteit rool lartlc. Dllt8ast.il rith coDDc!! at[!,hrt!
r.r. .ubJcctcd to \yrttog.t! tclorlc€ tlcstD.nt. ftur.rd2,r)
aho! thdt tha }VibogaD l,a,lortAa ooDluaptlou ltrcrceaaal o!
ltlclaall,Dg the coDpcr coDtaat 1! rooL rual on lncrasrtDg botJr

tcaIlclatura aart rr16116q 11aa.

lh" ry d r lolltlo! h.. alao Dl.r.a a! ttDoltaat liolr
t! tbc Dtd.rogclt prlortil. colanrDttoa. .tt !A& I coatqrD .oD of
6o/ ooqfa Dc.cbllyad o! u.h8,ool ,!th lo, oopp.! a@t.!t
at+!! 2 bonr. t!{trant rt IOoC. tbla r! rttltbut.O to th.
c.tdratlc.ff.ot of coDI)!!, D.!tl, 1! ortihtloD of tb!,ool,
trlrtl!, a.Dal ll.rrtly h daqorDo.ltlotr \Irtt!o8.E t alo8taa lt tttr
DE. ltlr..Caact r.. L!c!r...d o! lBtlrtlaS iha Brotlor
tcrDtltrtu!. (trblc f ). f! tcac!.j. th. a.c!c.!a !D hy_dlo8tD

' lri.orlda t tlccat.gr 1! o.sa gf t,xg r.a lrlqh lorc! th.a th.t
of Dltlr nrr(tcr tdcatr.cal colAltlona o! tcaD!!.tu.!., thc, alrA

6ol,D.! coatclt, allo tbr ti.t. lr arooth !.l.tlv. to DtrIr.ttir
a.! b. .ttllbut.a to tD. r.agul.! aacoitorltlol otr britroga!
FiiorlA..

It t. cl.u tblt D!.t!a.t..qt of ,ool,,tb copD.! ..ltr
lr alat t1.1 to irll..rit..Ettahltrt tDit .ltlfcIt ploDcltl.s to
DC1.
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ttblc (t )

f tcs fslt-&lrDLaga of tool frbllc' tr'atcd tltb ooDP"

irlDbrtc fou'or.a DY \yilrog.l P!!olla' at trooc toa Sooc
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ltl. ..Jr bc i\- to !,rcrt.!ca att ct otr lEloridr o! rho!,t

r.t.!l.:, lDal aot olllJr o! tD. .q!f.oc. OD th. oth.r h!IDi,, t!q.tD!t
of rool ri.tb G'!aO4 orlr, ito Dot ch.!8r tha alor 8hlllttgc.

'ln 8aE!.1, rool .rt!,l.a rhl.ch h.r cohdrnoA O.rg Gtp4.5l20
rd tb.E t!..tod rlt! I rol. g2OA tt tl8, dorld llDlovlrcDt U
tb.tti atl.bllt I,!otc!ti... tbla or.D D..rDLl!!A El th. cflccttyc
tolc of oolrF! 1! lrcstllcttq thc Dalortitc orlatrttoa to caltrln
I,olqtr o! tbo ac.]a. b.caurc of [tigb.l .Dlolbrtrca ol qr ot
throq Do1.1a. thqt tbc t!.Arr.l tlctrGEt,lS atrf.ot of ooDtr! Ei,tLat.
ooDatrrl,tloD !.!.taa to .tr.. al8tDt g! ooul,a Da Dtrt t! tha o!Ca!
O., 0.75 0.15. It L. rotrtit to rcrtr,oD th.t t8rar.rd .ro!It,
of ooDFr aalta hr.ghu alfqctoit tL. thtta colou! of roo!,rDlobabllr
ilna to tb. Dlacr,tllt.t lo! of clrE o|l tb. t!&:tto. .!d trtlaa tt
tlbr! .

tla .otillD ra!. lqbJ.ctea to flr aota tlq.tralt ,ftL ,!/t.
ia28o, la EZ6Oq f6 15 rlDqt.. .t ,OoC tc !.tov. tbt 3!..!r,tLt.
bloE qolou! .DA thc !..loErl 02 l!o[ t'h. roo1.

DclE DloDaltlc.!

t:!o t.bl. (2, r. &rttca thc tDtlurac. ot th..c .-Dttaclt
tlartrcDta o! thc olratq8 Dlot|.lttaa of rool. ft hra b..r fould
thrt th!.. t.cet..ata lDor..acil to ao.. artatt tha rool ..!lt!rttJr
.nd.rh.u!r.o! torodr tb. alffalclt olrsla. of Alrc.trtla,,tt!
th. xD larc]lln8 clfcot.

It 8.". rclettyclJr Arlt .h.il.! oorlr! A ,tth tboaa o(,

u!t!..tod rool, lt lDcriaalcd ,r.bt!g fa.t!.!a otr .olri Oraa,
au. to .r 10! .ff.ot ittch llcn .a. thr era-fllrtlo! oB rogl.

tba ld'lnalo. otr tb! attfclt t!a.tta!t. or ohrlo.l
oolatltntto! ahota th.t arlthu!. .!d clrrttE oolt.Bta ara!-aad
ilu. to th. o.lt tloD !a..tlor rt tba oDttlla ooDillttoar trbf!(r).
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lrblr (r)

/aallo.olil olltlactcllatlc. .!il aolrbllltr of tla.toA rool
0rC

th.lrcrt f oy'loo ry.tbr t,lloft! lttrtFif rtr 8o1t&Ulty
lrlr.D *

a.Eol S * I ltr. u.g.'
lllc

lratE.tcd O 12.rO !.tO O.72 .t5.1|o ,.EO rl., br.8o
(o.rs.orrr4.582o o.g 12.oo U.oo o.G1 16.10 5.\l 2i.4o lr8.lo
1 vol. !Ao2)* !.

(0.5s.6r8oL.5n20 4.2 8.8O t.6O 0.62 15.40 5.2o 2t.2o 56.70
2 aot. E'2o2)2l,..

(o.7s.cu.oL.5H2o 3.7 9.oo t.6o 0.6, 1r!.5o ,.to 2o.Uo t3. :

2 Vol. 1202 ) rh.

(o.7a.c\r$!. 5E2o - 7.8o 2.1.0 o.U2 - ,.12 20.40 5r.Zc
2 Yol. 8202)]h

U.B.-Ur..-btaulpbttr

l bl,c.chlDg opelrtl.o! u.1ig 2 !o1. E202 fo! 2 hr6.' gay. th.

.era LcycL of aulphure .nd cystlnr contentB. thl. corflli the

lalca that copDcr act. a6 a catalylt for orltlatlo!. ili.trogaD

coltcDta ol rool .ll,ght1y Acc.caac by tho trcatDclrt lndlcatlag
that thta oDclrtioD 1! aot hr.dul to dlpcptlac and flec a!a!o

SrouDa . Tho allclcaao 1n tha aulphule aDat cyatlna coatant. la
lrtlectcd on the 6o1ub111ty of rool. 1n rlkall end urer-bl!u1!h1te

!o1ut1ott. ?hlc Ery .1Bo colt1rrt the blealdorD of.thc cyatln6 bonaa

lalitlng to foroatlon ol oth.r au1lhurc cont-l[:ng aalno aclala as

r.eault ot orlatatlon.



LiDlc (b)

tcarllc .tlGDgtb, olongrtloD laA oount aurbc!'

T.8.' lloagatlod couDt n'!be!
Saltlc

rft uDt rf l} rr r!

uDtrcatcat 21 .',t 14'2 2/40'5 2/',9'9 26 2/52'9

trc.ted eusob.E2o2 2o'7 r')'8 2/\1 '4 2/t+5'2 26'2 2/)2'7

Blorchlng trcatrcnt 2o'9 14'o 2/\1 
"l 

2/41 '1

tlth HZOz

Tr?ateat CuSO4.H202

rnd blcachcd 19.9 1lr.O 2/48.6 2/\1.9

Copper: aulphete

oDfY 21 .o 1t+.2 2/t+o.8 2/\O '1

a
f,! r taqp

ir E icft
a
i.S.. IenBlle Btrength. K. gq,/roter.

Count lluDber : (uetrlc) - length of yar:n ln neter/lalght ln gp'

fyDoalnc aaal tryPtoPhan contents of treated tool ahoted

1e98 affect aa conparcd tlth thc blcached onc'

?ab1e (lr) thori that ucchanlcal proPcrtleE errch ea tcnsile

Btrcngthr count nuDber, elongatlou lncreased in bcth r€ft an'I

rrap illrcctton. l(lcroacoplc lnvcatlgatLon of treeted rool lhota



lhat thc rcot tcr1ca lraC lot! thalr aalttlaC aaa,ra, rlao tta
rb!.ar.oa rnC attllaj rcrirtrnc. hl{ llt!cv.at, ccri.r !,oar ilproyla
D.ct.!1r .!A .oth-!,!ooth3 Propattla.. l.lto ui. h.nala .aA coleur
o! tha tlaatad locl rta rDt tFrati.y affcatac .

tttllrrcla

l. l. llr---lr!, l.t. gdrtr ..!. C. ElrI, rfrcl, ttr olll.tv
oi Dl,.lot i 2!a !alt. ri{rr a{ lrll ftrt.rlodoaroi.!,
20r ( r95, ).

2. C.L.E1!Or. lL tl.eft rra Dlrotlot cf rool arytla3 . X.,
D.Ir hou-. ttceriullr, F.atot{, Io!t.!l!., ( 1165 ).

,. l. A.:aatu!, D. Cr!t.! a!l! C. -rL!n, t. aoc.Dl.. Ool.r5?,
2r. ( .1951 ).

4. P. OlrllltL, ir.t.DrrT .!A t.lAront!, Dltl.h Prt.lt 6flrr965,
( r 94! ).

,. LLltcuai ..alt t. Drt.!, T.rt. It!., 91, 29f,(rr6r)r*r.o.r!C.
rat.!. hot t.rt. t... CoE., t !!.( t r6r)a-.ItI i Ll.!,
Dt., a, ,ot ( rt65 ).

5. t..t ,lra.s.r., J. lt.:,. e-., 1olo Z:,lt ( frr) ).
7. D.l.OlrDr rra I.t. at.tbt , !.rt. LrJ.rrorf5l ( f gao ).
t. O.ntto[., Lll.t.!a rrrttlD.r, f2, aff ( ir6r ).
9. !.r.LDh.., I.rr.l... t..rD, U2 ( rf, ).
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SPECITIC ADDITTYES TOA E.IEESDING

@ rEroElnlc tn'IE otr llEE cEt{ENl uslD E{
OII, CAAItrGS

A.!.Rooralra', I.f,. At-E"dd"d aid A'E' uslaid

A3gltsACr

A ttecer trchDique tas clplolrcd tor studJri-a8 tle 'ffl'cLeac'
of liriDs qu.blaoLo cttt.ct-- golutioD vitb coE Et' I{eutroB

lrradlatloa saEples of aoaliutr acetete i"rc u6ctl i! the firEt '4)sr1-
Dert ald of aodLuD oxalate i8 thc aecoad. It ras f,ouud tlat th€

i.radLet€d a!.hrdrous sodluu tc.tat' absorbs rolgturo ald tbe salt

adhcred to the irradiatcat colt.in'D eEtl ras leEoretl Yith dltliculty'

Eo!,everr tle u8c of soallu! ox.l.t. tagged rlth tra-24 as e'u lttdlcator

raa a guccea6. yhea tbe golutioD was allovoil to Eix ll.ith c€i'ot

clink6! (0.1-0.2%) tbe tetG of chelge of ectivltJr varied t' 1'5 to

12% Backgroud coDtributiols rerc aegti8iblc'

IN'IBODUCTION

Radloisotope8 ele lilee1- toolE for Etudyi'ug [ixiDg ualforD-

itieg of llquids' couoidq alulri€s, gaBe6' ali'[ da? 6o1ide' A

gua1l erotBt of a latlioactlve trecor ca! be added to bath of

Eateriel ald attaialeDt of e ulifolE coultt late i-u lepeat aaEl'1e6.

inilicatcs uliforB akin8.

the use of a EaoDa--aoittiag trace!, iritb a coult ret6 E€ter

ead a at.ipchalt recordcd Pemits folloYiDg the coutse of the

eixiag procos5 vi.thout thc trrceasitJr for ssEpled alaly8ia'

]::電経::;ュ
°
::::こ:き::i119:1・leie°

F SCience,A■―nlstmsinyぬ
A■―nュ stansiri,ah 」Ourna■ of Science, V。1. 5 NO. 4 (1980)。

t' 
Quebracho extlact is e fine led Powe! Dade froE.r'ater. extlact
6-i-it"-t"tr. of a south Aoelice! iree. It contains alkaloids
a-aal coasidereble queltity of tanai!.
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,      A det●ctOr ●ay be pl●●od externa■  to the ― er or lna・y

●vell bo dipped in the f■ uid can provia● a cOlltinuclus ■ea●urenent

OF the nixin8 Proces8.  Ir Sa10plo日  ●re takon, they can read■ ■y be

analy● oa w■ th a standara ve■ l cOlllllter.  Eul■  et. a■  Cnl de8Cr■ bet

a直五埓 experi● ent w■th。 1l u811● 8z「 _9う a8a tracer m Kitt r2」

aeter.こュed the eFFiciency oF nixing ェn an alkylation proces8

using nb_86.

.IP't="pap●「
a ntxlゃ 、tudy or a c...ュt(1■quld and 801ld

Phage8)り●B caT10d Out u● ing a 8。ュuticln ta880d With Na-24.  A

●odiull iodide ●cintillation detectOr wag in● ta■■ed externally and

oon●octod to a rato 口eter and recOrder.  The record or activity

マerme tille de●●lletrated the decreo o■  1,ni ro■口ity of the dttn3

proco●●.

― Llt工llEMAL

A3 a prelllninary ●xperinent, o●● 8'a口 。r Quebracho wa8

introduced into a p。 lyOth■●ュo vial and ●ュ。1。日●d in an Al― cOnt●ュュ●摯.

Tho cOntaェュ●
「

 wa● ュeutro● 1,rao工 ated inttde the celltra■  vertica■

chanlle■  oF the roactor For ten ●lllllut●● at a F■ uェ o■  1.ぅ x 1043n/
。.2/B... Tho● ●●ple wa3 1● Ft t`● 。。l for■oar■y24●∝rs. 3y
th●  ●ュd oF thi8 Po,loa the activェ ty due to 、8-24 wa●  コ●●●uroc and

rOund tO b. ェ●●urricient F●
「

 u●ユ■3 qu●brach0 0載 ract it●●ュr ●● ●

tracero  Thererore, m● ydrou8 60● ユull acetate (ぅ .08)wa●  i「Tadiated

at a r■ ux OF I.う  x 104う  n/c●2/8ec For to■  llinutes.  The clinker

iFeed was fOud by the ●●d or the experitlent to be very huコ py and

tht●  re8●lted in a no■―urliForal ■low rate.

The exper■ ■ent was ,0,Oated u● ing sOdtu口  o=3■ ate as ■
labellinc colnpound: (4.08) OF this sub● tance was irrnaiatea in

the 8●●o ●al■er a● ●.「ibed ear■ier For ten コinuto●  at the sa● ● ■■ux
nd the“飩lting actiiけ 。f IIa―づ鍵ar.y"“ i socl■ aFter the

saコp■● vaB taten fr●■l the reactOr.
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Aft.r j.rrrdirtio! th!.{1-call1tti!a! y.! tll,.cad i! 1trd
sbi.ldin8 a.Ed t..nsfcrr.a to t!. c.!a!t DI.!t sha:ia tho crlradarrlt
vas perfonlcd. !b. !l!tl. e.r pourcd 1!Lto tlo &issolvilg t.r!I of
the Queblscho cxtr.ct .nd d:Gd. tbouroughly. lha llguL rta
allolred to flow iqto tbc ccE nt clilkcr ehlch r.rt fcd rt . r.tG ot
1a toas/bour; th. activlty y., loDit.lcd by r! rlactlodc rr!.!t.-
Eent sbow! Bchluticlllt ia ffg.(f)

lba brckglould ratlvity rt. rilirit.a b, aclrctldb3 tL . r ,
dctactor rid.s r'lth ]..rd .bi.laht. lorc.a v.ttillrtlol rrr
u6cd in oralc! to kc.p tbi l.ttqtor rc!klla rt tlcttrl, taq)arrtula.
Iable(1);iver tb. r.l.vut .xt..i!.!tr1 corditlor lo! .rch
experiDant.

TIfl'f,TS rXD DISCUSSIOT

fh. r..ult! obt.l!.a tlor tha tirat .!d arcoBA at irh.ltt
ele li.t.a iD trbl.s (a).ua ()) !..D.ctlv.1r. !h. cqu.lt !rt. o!
sodiuE .cotrta'aixed ritb Qu.brircho rolutiola ir lLataA 1! !.bla
2 for 21 t.Eplqr. lhc bickgrou.ud s.a 1600 cou.!t/ri!. lha oourt
rate fro! sodiu! oxrlrt. !ir.a rlth Quabrraho aolutlot la llrtaa
ia ?.U.c(r) thc brclrtlou.ud. coltrl.butioD l,r. 9@ coultalrh. It
i6 clear fror thi! d.t. thrt u!itotr airiDl Laa Laan.oll!?aa ahrlttt
thc lecond ru!. Uhilr tla rLrilt ura lor-trrltolr b tla ,trat

Ia.!,6ctioa of trig. 2 ahoe. tLrt tha aDrard Eourad the l.ra
ues fror 1.511 to t*. AllouL!5 tor itGrlt tluoturtlotu du. to
coultiag .trti.tic. .a e.11 ra tL. d.c.Jr of trr-24r tL. larultt
iDdlcrte th.t th. EirlDg wra ..tlat.ctory durhj tha .xpa ,r['t
rrlidc! thaac coDditi o'ls -

lha EodiuE orrlrta x..a rdAtd to tb. qucbrrcho lxtlrot t.!t
(170 litlc! of .otutlo!, tro p.!tr of Qu.brtoho to 5 prltr o!
ret.!) et lrroo hour.. Iha Qr[blrcho axt!.ct so].uti@ r.a tad.
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TABLE  4

Type of courp. Qrr antity
used Flow rate 2t+-Na

Acitivity
Irradiation

tirc

!'i rst
experiment

9odium acetate
anhyd rou s

i. O Brtr Hunpy )o ci 10 コinute8

Second
experi ment

$odium oxalate 4.O Btr Uniform ,o ci 1O ninutes
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ganpl. no.

1

2

)
4

5

6

7

8

q

10

1t

12

1'
11,

'15

16

1f

l8

19

20

21

COuユち/■■ユ・

う5000

29500

う0900

29000

29000

35500

110000

ううう00

文 200

40100

1106∞

■ 2●●

I11900

●7900

46600

1168∞

711∞

67000

56600

●4800

う0500

●
´
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TAB■置  」

flne (flourg)

13,16

't1.r1

13.r8

11.45

11.56

14.05

1\.26

14.50

14.58

15 .06

15. tO

15.15

15.18

15.27

15.13

16. oo

15.O5

16.11

16 .15

16.24

16.27

●●ut●/日■コ

1000

1100

う0う0

12000

113000

51000

0tO∞

12●●oo

2250000

2う0000

2う0000

228000

235000

2う0000

ゆ 0000

23う 000

2うう000

235000

235000

255000

1う0000

100000

6000o
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Fig。 (2)Variation of counting rate with tine

17.00
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２

into the clinker at 1):1O houre, but the Na-24 did not reach

the clinker until 11 2O-hours a.ud at 17.11 h.o:ura the radio-

activity reached the NaI detector at the screw conveyorr showing

a ball uiII residence tine of 11 ninutee. A steady state of

radioactivity uae rcached in 87 ninutee (14:5b Uours) as shown

in PiB.(Z). rUere vee 6-7 tons of cemeot in tbe bal] nil1. For

18 uinutee after tb.e steady state wae reached (&258) to 1)t)6

hours) the fluctuations (decay corrected) were about '1.5( al.d

this continued to tbe renaiuing tine (at about 16:'10 hours). the

maxiuuu deviation from the raea.u !.ecqy corrected) was '17/o.

The radioactive decay fron 14.18 to '16:10 houxs was about

5.4% ot the radioactivity at 14.58 hours. Backgrouad varied

fron 955 cpn at 1r:OO hours to 11)J cpm at 11:!] bours before

the radioactivity reached the detector.

The activities required for a flow experineat with exteraal

recording depend on a nunber of factors such as the self-

absorption of the radiation in the labelled uaterial ' the solid

engle covered and the detection efficieocy of the systen. [he

spread fron uniforrnity that has been observed nay be due to such

factors as welI as counting statistics.

REFERETCES

D.E. EuIl et al, Nucleonics, 14t 5'1, (1916)-

W.II. King, Ind. Eng. Chen. !O, 2O1 (1958)-
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PEYSTCAI, PROSSERry GUIDE

FOB AOCf,S rRoll IEAQ

M; lllashkou!' aad 11. Berifkonr'

138!8.19!

The properties of rocka of uhich nost uae ig Drde i.B gcopbyrtoel

prospecting are deuaity, Dagnetic auaccptlbLllty, clcctrLc.I rclte-
tivity, conpressioual senladc vclocitlr rad to a lcga crtcat ehcu
seisoic velocifir.

The present reference grrlde wbich la the fl.rst of ita Ltad tr
inteuded to determine pbysical propertiia of rocLa frol Ireq. LrD-

oratory neasureuenta uere coDducted otr, coreg of varioug sllcl
drill.ed fron earplee belongs to 2? t{pca of BocLr rq{nltr lircttoacr
ard qarbles. Tota1 of 2OO corea vcrc prlperc<f rbd usad L! tha

various physical teats.

If,lBOIf,,GII6

It is necessary to have soloe borlcdge of thc pbyctarl propcrtlca

of rocks for estiuating the etreagth of gcophtelcal iadicetloas tLrt
different geological features, rock rnagges orc bodieB etc. orn ylcldt
as ve,l1 as for assessing iu advance rhetbcr ead lf ao rritLla rhrt
linits, a projected geop\rsical Eurevey la an arqa la likclyr to aonr
its purpose. The p\ysical propertiea of aaturally ooourLng rocle

and ninerals varJr rithin wide liuite and for thc l,u4rose ol rngr

' Departnent of Geology, Col}ege of Sclence, Al-lfuatanclrlylh
Universi.ty, Baghlad, IMQ.

Al--Ifustansiriyah Jouroal of Science, VoI. 5, fr. 1 (1980).
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p.lticula! 6urvey, they Bhould be d.ct6ml!.d ea fe! aa poaslblc

o,1 a largc uuuber of lock aarpleB frou tbs r€Levstt area. llho

pt\.acnt refeletrce Buide is Dot iuteDdod to bc a substitntc !o! auah

dattr.rinations.

lhe propertie6 ale a16o hithly depeadeat oa atrqh f,actora .s
t.Ellclature ald presEure! but thi8 aapoct is aot coaaialcrgd, [c!c.
th. velueB uentioled are for looD tcrpcraturc.rta rtrogl)batlo prrE-

sur!, but iD soEe rork it ueJr be DocesB.rJr to Euppl€r€ot tbcr lJr r
klorlcdge of the effect ot toEpcretulo (c.g. lu Dcrlrfro8t rcgl,or)
or b, e kaovlcd.Ee of tbc effoct ot prcgaura (c.S. lD' dsolFratl
lo6gilg).

Ih. propcrtics of rocks ara hiEhl, dlprad@t @, varlour trctolt
ruch a6 t.xture (e.g. graia 6i!€r achtBtogltr, b.,odcdDeBs atc.)t
piapcrtlc6 of the dlerals coastitutlDg thr rock llral th€is lodc ol
d.lltributioD, the vo1uE6 of por. aprc. .!al th. tortuoaLLy ot tht
aptc. .Dd th. eEount, the pbJsic.l plopolti.oBs .!d the Btrt. ol tha

,lta! ia tbe pofaa. CoDsoquolrtlJr, evo rbaE !rlp1o6 of rock! cota

fror th. aet petloBrapbic .!d geologic ud.t thclr proportLcg trJr

'r8rJr colaidorebly. Meny (Lars) or retb!.tlqrl erDroasl@! datcri-
bla8 the depeDdeace of tbe p\yBica1 plopqrtlaa o! roq}6 raal rl,lclala
otr oDa o! uo!6 of ttre above neDtiotrcd factora baye be6!. suggcatod.

Sooc of tbese (e.g. that for deu6ity) ca! bo d.6duced. lroD thloDatlcrl
coa6ideletious but uaually it is leccsEe.rJr to ba6a tbeD o! crp1lLqil
Eatcrial. Ia the fatter ca6€ err expresBlon d6rived flor! Datatrtqra|lt!

in EeEplcs in oae aree or fo! locks of oDe gcologlcal s.g! ra, Eot bc

vslied fo! aahplea iu snothe! arca oa fo! rocka of aoue otbct rgc.



Physical properties of rocks (Definitions,
Units, Variations and geophysical inplications)

I. Density: A neasure of ponderability (heaviness) of a body, being

rnaa6 per unit volume. Expressed usualty as Eraxuxe per cubic

centimetre, denoted by the greek letter ( cr ) (s:.Sna).

[he gravitational attraction of a honogereous bodlr is directly
proportional to the difference between i-ts density and the density

of the surrounding rock.

llhe density of sedimentary (and some i.gneous) rocks comelate in
a general sort of way with the geologic age. Older rocks usually

have a greater d.ensity tbal younger ones, west [1]'

Most rocks, especially sediuentary ones but also many igneous

rocks, have appreciable porosity and their density in situ
depends on the extent to ;hich the pores are fil1ed with water,

It is therefore advisable to deternine a dry and a saturation

density of a sample to obtain the possible liniting densities

in situ.

If. Magaetic Susceptibility: l'lagnetic susceptibility is, like
deneity, a pbysical property of the naterials in buLk. Suscep-

tibility nay be described as the ability of a rnaterials to take

an induced magnetism, that is, to become tenporarily nagnetized

whea placed ia an external magnetic field. For a homogeneous

isotropic bod.y the ratio of the induced intensit-w of magnetization

to the external nago.etizing force inducing it, denoted by the

greek Iette" ( K Kappa). nlthough ( )t ) is a d.imensionless

aunber, its nag:ritude depends on whether the intensity of nagae-

tization and the causetive f6rce are measured in the same u.nite
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oa !ot. t'Lr torr.! l,! tlc cr.. tor tbc SrstGlo lutom,rtloEale
(8I) tLa lrtt!! to! th. .lactrougn tic ceutlurtr. - grrEc -
r.sold (!.r.c.g..) arst.r h rhicb thq lnt€uslt, o! !.gu6tizatiolc.
1! rarmrad i! obroluta rtDGrG pGr cqathqtqr tut the .rtqroal
r.3latl!t!A lorco la u:.tr of (;f, rbsolutc arp.ro por coati.-

rat.r). !L. rblolut. .rDtra ia cqud to 10 ( or{.!r.rJ) alpere.

C@!.qurtltlrr tL. rredtudc of (() rxprc6acd iE (sI) i.g

(tfi ) tlroe tlrt .xDr.!acd, 1tl..!-c.E.s sy3tsD. CoEv.realy

tL. uGlttud. of ( ( ) .xpros..d lD G.!.c.g.a. ta (;f, ) tiuee
thrt !rDr.!r.d f! (BI). tolt ..rth D.t.fLrls hevc poaitfve ('ll),
tlata lra laora .a Dur rlgartl,c, tcruublta.D,cs! such rs aelt
llA fdtdrlt. I Dry. E grtlv. ('( ) ua erc dllcribld rs dia-
r.8[at1c.

!!br lor-flald r.g!.t1c luEc.ptlbll,ttJr o! locks dopoDd! allost
atrtlral:r uDoo tl.l! s@t.!t o! ugD,otltr, titEolrgrctltcr ilDeEi.to

ua frlahottt. r llr.dt. .[d p:rrclotit! r but rocls c.a hrvs aDall

tnt rDl,raolrbla Dorltlv. or rl.grtlvr culc.ptLbiut1.! .v.a ylthout

tL.r. d,!.!rI.. ftG ()C) ot pu!. rr8B.tlta l! r f.1rly alefiDLte '
so t!!t a !.Irtlo! brtr..! ti. ( )i) of r rocl !.!p1. .!d lts
t aratlt. ooltaat c..E ba arpariDitrll, dat.rrL!.d. l! atpreBaion

i.r.r,v.d !, Edrl.I, rld haldluEto! [Zl tror rt.aulclcllts oa

tia DtrDRliblq 3rT)1.! tror tha ldlroadrck .ra. (U.g.l.) DJr be

rrl'ttaD..a

K・ ●.03%勺辱 (SI) ......● ●●●●0(1)

n●_  (,)1●  th● マOlu●● p●
「

●●nt r●
ぅ
o4・

●●●3oy am B■0■魚 ●● [ろ ]haVe derived t“ ro■■0■1“ r●lation

f.r r03o4・ mt“t up to 20 p●
「

●●Ilt

(. o.oter vl'ol (S工 )......● ●●●●●0(2)
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Sush fori(lrlaa leer to El'vo th. sulcoptibllltt ot rrgEatlt]
be..lltog rosl! to rltbln a trcto! ol 2-, tot lDrU rr8latlt'
coltBtt 

'Dd 
Vlthlrl lort 'lo-2o Ptlcclt tot hlgb rrs!'tlt'

coatelta.

- III. ELectrlc rc6lstivity!- lor holog.Bcou! i llotroDlc bo(, stra"i!8
a

a! alccttlc culrlnt ' th. lrtio ol th. .lcctrlo l!tc!!lt, (Yo1t!8o

pe! urlt dlst.EcG) rt rly ,oht. Ylthl! tb. bodt to tir cunot
aclos8 alee PGrPcrdioulu to tha gl.otrie tltaottt ) rt t'Lrt

poilt i8 the clcctric !"8i!tlv1t . &Drc6s"d utur].lt rr oh - t'
orfl a (tuqt Ls ob! tir.E t t!.), r.ad d![ot.d i'!r tL. 3rarts

Letta (fO ) (rho). tac Glaqtllc raslBtlvttlr 1. ttrt o!' ot t'D'

Dost v.liabls o! a1I thc pbtrlcrl proDaltlot ol roclr. &.
vi.riatioDB ca! bo DdElrily oltr!.d LD tbt.. ort.Eodatt (1) t'La

Bcatt€r of ob!.ryatio!! o! ola !!d thr lrr errplo. (2) thr
variatloae .10!6 !crp1.6 ot th. .8rru roct t:/D. .!d (r) tL.
varlatloa8 aDoBg dLtlclrEt rock tJrDrE. tLato v.lirtlo[! oitrlrll
to a coDaido!.blc al!E!r. eld ott.! !rt. lt dl'ftlcu].t to rtalC!

lcsiltlvltJr Yalu.a o! !Ya!r !a!8aa of vdnas to riE8la alllLa
a.Ed roct tYlrc!.

the ceus.6 of v8rliblti.ty atc !u!.!otl!. fita oolduotlvltiaS

srd thc lode ol distllbutlo! ol th. rl.Bclal8 h a rccL t.E[a
have a doniaatlE8 cifoct o! tho lcslstlYltt l! rlro rtt.ct.d tY

thc Blain sizc. thG qoat8o! tbo BrdB !1!. 1! I root f;i. lt8b4a

iB th. lc8L8tlyltt' oth.r thlDgr ballg lqBrl.

ghe leslstlvltt ( P ) * Dorqu! v.te!-b..rl.!t tocl. (1r..
of cl.,y d,acra]r) ,ollorr L!obl..! LrI' Iillar .!d lH.a€Dhao[t

D
a ./",- - ............. (r)

'ri.o



Vliltc ( ,Pd 1! th. r.slEtivity of th. $ate! filliEg tb6 porea,

(f) lt th. porolltJr (volurr tqactlo! porcs), (a) 16 tbe fr.6.otion

ol Do!. sDrc. tltl.d b, thc r.t.! ud (r), (n) .rc certai! para-

rat6ra. Ib. v.1u. of (!) i! uaueuy c1o€c to (2.0) if Doro tha!
rbo[t ,O X Dorc rDrcs 1r ratot-tlUad. but ca! b. lucb great€. fo!
laaa€! rataa coltaut!.

lha v.Lua o, (r) dapalde upoa ttrq dcgr€c ol cerantatloD o!,
aa tLir 1r oftr! rgll ooE.lrt.d rlth g.olo8ic agq, upoD thg

Baologlo .9. of tha rock. It v.rlc! l!o! about 1., fo! ,,ooee,

tartl.Ilr trallraat! to about 1.95 for rclL cc!.ltaat palcozolc otleB,

Dut o.a b. outclac thta r.Dg. to! iadlvlalu.l .to atiod6. CoElract

clatrca@! .!d Jutteslc ...ndsto!G oftrrt b.v. (r) cloae to or
3ugbtl.y orccedl.ag (2.0).

El,tD1, Do.otr! rocks beva ..tr i-yalua o! the !a!s oldGr es

logla to rodclrt.lt c..c!tcd radhcats.

laJralad !oot! tuoh ra sh.lea, 6!ris.ra, pbJrUlt.6 etc. ald
D.!d.d locks o.ft.a .:ahLblts lEirotloDlr ot I|oaLatlvitlr. Ihe

raslrtivltlr Dtr.llal to tio laycrs L! 1o6s tJraD thet pe4,oldicula!
to tLr I.tc!s.

&a alactrLc rcsirtiyitJr ot rocts Las bcen vory thorougbJ.y

tr.rtcd iEr P.rL horcl*. [5]

It. Eatrrlq ooTrrlaai,oDal a!.d lbaar rave valosltlc!: - Dlat.noo

trrrallad, bt coryr.lai@rl, ,.vra daont.d u (p) or !h.ar yaves

d.aot.d r! (8) l.tr uDit tiD. &D!.!sral 1! (BI) as Ltlc por

roood (Vr).

Durl-rt Drsaag. of . corplcasLolrI yev. aecb. Dsrticl. of
tL Ddlur orglllrtaa D..!r11r1 to th. dhoctlo! ot plopagatioD

ol tL. rrva. 8Lc.r r.vr!, b rblch th. plrtlql.s O6citlate



perperdicutar to the directiotr of plopegetioEt ars SeldoE

availd of la epplied geEiBEolo$r.

l[he eaergy of aD exploaive u.adelgrorud Bhot Soes Predc-

eiaaltly iE cornprea6ioDel uevea. the pattitioD of eDergy of

coupresaioDal rraves ! iucideDt oa en ilterfece betxeea two Eod:!a,

iDto a reflected aDd e r.fract€tt pert is govcraed by the diffe!-

euce ilr tha acouatic iupedenccg of the Dedia. The coDpreaeiolal

acouatic iEpetlcnce (expreseed Itr (sI) es trilogreDEe per aq. Betre

per eecoud) of e [cdiu! i€ th. ploduct of thc lougitudiaal

velocitt a.!d thc deDsity of th. uedLun i9 thc product of the

IoDgltudiDal vetocity ald the d.lsitJr of ths !edlu!r.

Although varl.atioas of Esisuic velocitics rithin and betwee!

diffe.elt .ock tlrpes Bhou a certain overlap lt i6 fourd that in

restricted ajeas, differelt Beolo8ical forDltiods aDd rock qrpes

ofte! have chalecteristic aolsDLc velocltiGa. llhj.a is particula!1y

true of BediDertalJr fomatioDs ' 1! whi.ch tbe vclocLtJr epp6sJE

fulth.ruorG to bc oqlrelated xlth the dcpth of burieL a-!d Eeologiq

a8e.

aqcold.iD8 to Fauet io, , tbe volocitlr ol coEPregsioaal

lravea i.rr shaleg srd aaDda can bs desclibgd by th6 ralatlon

VP  ‐46.う 77
depth iD t[etaeE

ν s

and(T)

(4)

whero (Z)is the

oF year8.

is the a8e in eillioas

Hethod8 0F ~´ ηoratOry Moagュ renont8

MOallingFu■ deterっ ユnat■

-a DI6a

tb. phyEical proPcrties of

eaoplee of rocks that d.scribce tbe leleva.at plopelfJr caD oaly

bs oatle oD hoDogeEeoua of quesi-ho6ogeDeous sartl)Ie5' A quasi-

boEoBcacous aaElrlc is oae iD uhich the inno'ot'aities ate lrore
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or leas re-ndoEly dlstributcd.s-ad Eize of vhich i8 large coDpaJoa[

to thc aize of the I.-i8eat iEboloo8eDeityi If tbe iahoDog€Ei.tiee

are EysteDaticelly distributed (c.g. para11el layers of differi$E
conpositioa), BeaDi.E8ful deterEiDatioa6 of the tle8Eetic' electrj.c

and Eej,sEic properties ca-E still be Eade oD Eel1y ae.ep1e6. Eow-

eve!, they do Dot lead. to a EiDgla paraoete! value but to a set

of up to air values ulique to tbe particular aallple. ghi6 6et

(leducj.ble) to three o!, iD aone caoea, tro) is celleq tbe teraox

of the aenple.

Althougb the collcctod aurfacc rcck block aeuplea (s€e

Fig. '1) que si-horro8eDeoua , but tests r6re rqade o! cor€s drilled
froE tbxee directioD of eech block (Sce fi8. 2) ao tbat every

'i!.hoDogcncity vil1 be !6p!eaent6d iD thc teat a.Dd helce a better
reprcaeEtative p\ysical plopert'y value (for the particuLar rock

tlpe ) viIl be obtaj.ned.

Great variety of aethoda of Deaaulitrg the phy8ical ploper-

ties of lock sauples exist, ao6e of i.hieh a-!e high.Iy elaborate.

The hetbods described here aJe of the siEple! tJ?e s]3d choaen

60 that the desired ngeaureroenta can be oade vith a EiuiurD of

apparatus.

I. DeEsity - llhe clerlc letbod of d.teluLDatio! ra8 aDDlieal.

fhia ilvol,ves the EeasureEent of vrlgDt (r) aad voluac (v)

of a lock picae! A lock c6re of (li Dis.. bJr 1t lcaath) uas

,aigbtcd blr a vcry leasitLve baluce read to the lqrldlealtba

of the g!.!ea. Ih. ToluDo raE lca8ured by totalI, i@ersi-Dg

tbe rock co!. iD a fiEe1, BraduatGd. cylinder. lbc voLuoe

of thc rock corc Eill bG thc aquivalcrt voluec of tha

displaccd uetcr ir the c]rlllde!.
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llo tJrDa! ot drlrlltiag Ysre lcaaurcd' Tb' drT aud

rrt (a.ctlo! 2). Po! tbo 
'rry 

dcE!l?' th' rock corc Has

drtsat 1! thr ovctt .t aOSo tor 24 hou!6 ' Uhile iu the ;

tatu.lataal d.DsltJr r.afurarant! th! satutation saa ladc in

tL! ratar{or 24 bour6 ' ola tert for 
'ach 

deEaitlr waa Ba'[e '

ElauItB of thc tclt arc tive! 1! tabl''

II. n8glatlc guscGptibllttJr .- 8ro taborato4r tathod! rGre tried'

trlrltly thc tlg-, Da8!.tl.c EEgcaptlbilltJr bridgs' &; the

ltrdiDS! dcprlal! oE thr ditfolcDce i! tb' tole bctor€ and

lrtcr l!!crti!8 th. t'stcd lpeci&eu iD tbe bridge' 1" dia by

4! 1clgth colas rlro usod' SiDcc Dort o! tbo telted 'os}: 
of

. vqr? 1or lD lagEetic gu8celtlbility hqBce it i'as f,otnd

h.rdlJr to atctGct tlJr dlf-?eloDce ID the toDe aDd th6ref-ole aD;r

readinEB. tror tbat alothcr Dagnetic Eusceptibitiqr equipEelt

r.! u!ed. 1.c. thc traDpalctor bgle the readia8 can be note'L

by tlJr d.tl.ctloB l'! tbc Deedl6 'beE 
the locka are teEted'

ltqaautalclta rorc na'Ie otr th' rock blqckE. thernaelvea' sor[e of

10-15 !.adi!8s rcra taten' Ehe valueE j'r (6I) vas the,l

cotwGrt.al to c.r.c.B.s ayeteu (ece gcct' 2)' Sotre of tbe

tartad roct! hevc Elvcn vct'Ir low valuc of Da8Detic suacepti-

bllitJr otber !ot. lor r'sultg 6ee tbc teble'

III. Elcctlic lali'stlvLt, - I! oa' co'tialJr use'I 'raaS6rent 
a

larIrl. r'!. th6 lo!! o! a rcote-uguler P!i6D or a drill core

rttb flrt a!d! 1! cluP'd b'ttco! tro Ltal platca colttected

to t cuat.lt !ourc.. !'t (I) alpcre be the cl'xr:ent p''sEiDg

tbrousD tbc cbcul.t '!d Q\ Y) thc voltaga acrola tbo 
:lobog

pl.c.d oD thc !.rl'1r t aloDg a 1ia' p'rl'eD'ti'9u1ar to the ead

lao!! tbrouth ,bicL tha sufrtDt eatQr6 aad lLaicc th! sa&1e

Sd t!. r..lltlvltY L! tiva! W

S
L′・ 午

.。 (う) _
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Setu● t●●

器膨」
Lgnetic BI.ctr1c.l C●Lpr●●●■●コa■    S100「

3,講:::ty =:こ
"

7ちti::::::ユ
ity  li,i麟 :=・

)

■.

2.

3.

4.

5。

`o7.

3.

9.

g.Ea.t ta
Lr.lat t.trG

Sa,!ta.talG

Lh.. ta!r.

ljraa tdr.

Lhaat.!.
Ll..catata

L!1y
,,rr.lt r.

Ll.raata!G

Butl.
lirllu!r.
OaaEr

Dl[T
th,B1-
B.ahr.
!a!E.t
rrat

SLb.r1!L

gllr.l1l.h

2.518

2.520

2.296

2.4,0

2.406

2.487

2.027

2.5■ 9

2.367

2.523

2.720

2.525

2.496

2・ 578

2.う05

2.6o6

2.525

142.24

2.923

■3.45‐20.5

5。 97‐14.4,

■O。 ,38

■.0■

■6.44-28.ラ

2.34

0

0

0

0

0

0

0

(6-27)工 ■0~6

0

6735

477,

,294

う0■6

2■6o

,446

5258

5403

ヽ

452,

3068

28■ 2

,■7,

■9■2

2278

2867

3,96



No. Rock Na.Ee Foloatio!1
lli:i:::::・

ity ]龍

i;;:::i卜
)∫

:|lii:];:::: i::::ityc
Dry      Saturated

き嚇L3樹』
'L3

い
い

■0。   ■ineStOne

■■.   Line8 tOne

■2.   Limeg tone

■,.   Lllneθ tone

14。   Cyp8■■

15。    S‐・・澪etO■●

16.   Lllnegtolle

17.   LIIne● t●ne

■8。   S,ndBt●■o

S inj ar

Jadala

Se!lkagni

Jeribe

Upper
far6

OGcir!

,,otel
Farg

Pllaapl

lrpp€r
Fa?a

Pllaepl

2.6■ 5

2.200

2.410

2.624

2.508

2。 208

2.442

2.578

2.700

2.6o5

2.,67

2.547

2.650

3.■ 20

2.4■0

2.526

2.707

2.708

3770

4038

4720

58■ 3

2830

4285

48,0

6038

2436

2558

28,6

,543

■934

2,69

,■80

3394

o

0

.o

( o-t5 )"ro-6

Negetlve
value ( Ju6t
b61cr zEro)

()-zt)xro-6
(5-1o)x1o-5

o

(3o-l20)r1o-6

(o-r)do-6

91.4.507.5

■.22● 2.33

3.5-5.0

■■8。 9

,76.4-683.3

2.12

9。 9‐■6.7

,.43

568.3■9。 Dclorltlzca
LLDc6t.l!



No. Rock Naee
Dry

Ponllation  i諮
:L3

Saturated  Magnetic

器 :は
,  :返 ::::::ユ

・
ity

需::葬
:灘 )♀

器
i霧;i多::! 

鶴 :き。

20。 !e!lEh
Uarbl€

0a11aIa
Earbl€

n.,yet
l8rbl6

Ksar. KrlrL
glay rar:b1,6

f,3al Erlll
8raJr rl!b16

Q●1`k`

…
b■0

臨
S'°4

Q●●●●コ配●●L
I●‐ blo

Penl rllt
gcup

lYaIah

tr epuraa!

PsaJrla
St iou!

?ot{rla
gnauD

PSDJrt!
glruP

!!DJra!
Sront

P.!Jrr.ll
SlcuD

2.677

2.730

2.768

2.760

2.726

2.65,

2● 444

2.686

2.69o

2.739

2.769

2.764

2.729

2.657

2● 446

2069,

5770

6508

6388

6o85

66,2

5323

666

65,6

,753

35■8

'549

,054

,714

2907

,668

,0う6

(o-ro )rto-6

(3-9)rro-6

0

(18-82)11o:6

(1.5-15)119-6

(o-2? )r1o-5

(o-/t.i) 0-6

(9-r9)rlo-5

■4■.7

■454.42

)0.5■ 8■04

)0.46x■ o4

)。 .,_。 4

522.5

2289。 5

1ン 0.4178ユ 0‐
4
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'ric!. (g) thr arle ("2) ot tu. rDd fac.. ena (J,) E6t.G iE

tb. dlst..Dcc botr..! thc prob.a. Ib. dlataac. (!) EuBt be

1rtB. i! colpariroa to th. iDtrolo8lrlrlticg iE tbc Eauple.

I! tbc cxpltlDclt th. corc ra8lltivity appatatua

utllire. tb. tyo cl.ctrodc lcthod drscrlbcd above ras useal.

Co!.6eqr1.s lcltth. at loast fou! tiD.a the diaiotels
(r(r Dia. by ,,," lcagth) uorc u!.i[, th. .Dda facca uere Dade

lrootbcd, tt.t, rDd prlquel to iDaure Eood coltect ith the

clactroda!.

lho corr! v.rc aetulatod by plathg ia selt solutioD of
ulborr goDea[tratio! lor 24 bour8. f1h€ corea thau gc!€xed

Drtyaoa Dlrtau!, vhlch er. thglac1v.s covrrqd by aatuleted

o!.uoL3r lhc v..l.uq ot r!!lsts!c. 1 {I I i" thc .quetr-on (5)

raa lcral atlllct1y fror tbc iDattnDGDt!. fhle€ colc6 for each

tJDc of locl r.!. tcltcal. IcBt !.!u1tB rrc 8lvca iD th. teble.

rT. oo!D!a!!lo!rl lrrd Shar! Uavc VelocitiGsl- f,iboratory d€terltriD-

.tloq! ot tbr v.Ioclt, ot lound ia rock sanples are usually

oajrflGd out oB dtlllcorr!. It D{y b. thougLt that tbc sau€

datarrhrtloa could. b! a.!11t c.Eicd out by strikiDg a ha@e!

Dlor rt oia cnal ol thc cotc .!al r.aau!L!8 thc tiDc ttrat the

LtDul!. trlaa to appcr! .t tho tEr end.. Eorcvcr, there a-re

tavalal, dllllcultLos 1! tbc crDldr.Dt. Eveu ia coroa of aoEa

l.Eath (!.J 2*5o cr.) tha travGL tLrc is oa].y Eo!. t.a6 of

rlcroracoBar. &a 66asiDg drvicc at th6 ta! .14 urat late a.D

btlrrta ooltaot vLth th. lrtplc aa th. tirc d€14,y introduced

by r Iroor colt.st c!! br of th. !.!G or{cD ot irgnr tudc as the

tlrv.l tlla .loDg tba co!..



lhq i!.t.!t o, blov rust Da .csorttellr d.tlaad. I! ta4)Ia6 of,

looae !.t.!lal (clql, sead, ror.lrc .tc.) tL. .b!ot?tl@ ol .lrttic

eaorgr 1a rDlrrcchbk .rd tir lltnrlla lrrlvllg rt tlt aaorL!8 d.vicc

EeJr ba too r.el to ba d.trmhad. tro! th.a. raalo!! tba rPlr.lotly

Birpl. ratbod .bov. 1r olt.! lot tcculrta or avon trlllbla. lla
propcr d.te:.d!.tlo! ot t[c rrlocltJr ol touEd 1! locl arrlllcs rtg[l.r68

Dorc lellDcd rDDGrtu6. lha!.tora lalrdc ..t!llrrc! rLlch Drqvldcs

d.ir6ct dl.glt.l r.doEt ot ultDrloDlc dc1.J tirics totrlu (O) . ' 999.9

oicro .asoDia vlth r ralolutioD ot o.1O lisro laqood! r.! Irlad. Soth

corpraasioB .!d !ha.r ,.YG d!t.t tllc (Yalocitt) Drsuprtttt Ga! b!

DAde rlth thts rquipEclt. lIQ cquiPncrt La tLttod Ylth t o Dai!3 o!

dual-Dod6 coEblEatio! colprclaloual (P) lDd shrar (8) r.vc6 tr.nailucsrgt

oporatLrg !t ,OO trf,t rld 1 tiEr. Ilroughout ths tolkr th. ,OO Elz vag

us.d both aa erclt€rB r.!al r.cclvcra ror (P) & (g) E.l6Elc ravc!

velocity lc.tmtarcDts.

gh. y.yc yalocltJr 1r aot d6trr.18cA ditcctly btrt 1! orlqulat€d

fDoE thc tir! tatas b, . Duh. to t!.v.l a Llaut.d dlltrasc. lhi6

ultra .o!ic tnrLlt 1! obtd!.d b, afrpLtt!8. r.Dld sh.!g. ot l,otcotisl
floD a trsacdtt.r arcLtar to. Dlcto.l.ctdc qttltel trt!,tduaod

eBittiDt v1b!atlg!! .t 1ts lu!d.!.Btal llcguaDcy.

vitb th. oqulpt !t ltrd tut our arradt Bt th. oltgilll 8igl.1

troE tha r!c.lv.! 1! dllDhcral oE oroilloscoDc !c!oal.

f! uriDg th. u1t!.!oElc D.t.rLal tratelt thero alc !o!. factor

yLich SovarD tbc accurecy ol tha lraEurlrcata. lhGrc arg aB lolloraiDt:

a) Iho rft.ct ot sD€clDoD 8ld corditlolr - Althou8b tho 6D.cL[ea

do€E lot lced to ba lcgulsr i! lhrPa ' Dut It nst hlva Prglectly
partllal 6Eds.



B)

C)

CorDltug o! tbe trelsducerg to th paclrG - I! ol(l.r to
facilltate Bood coDtact batyaaD tDaudnoarr ard t'!a rool
apccLtleDa, oldturry gtc.ac Eat b! Esad rt r cooDlllg rgGt.
glris alloHed sufllcl.ut e!.4[r to D. t!.lstittad tn!o!8! tn
aPociEca.

Eltoct o! thc Drqsrurc oD th. couDltlt .tflolco, - f! t[Esvad

sigraL ca'l b€ obt.la by aDDlybA . oart.h rtoBt ot itr!
prcgarlr. o! tb6 trsllduccla.

IE thc orp.riErDt 
' 

tbtG. corc! ! 1lf dl.. bt 4r lcgtL rara

driusd lroD tL€ thr.o dl,r.ctloD ol th! bloolt. hdt talr r.ohhad

flets arld. tlqdo pa$11r1. lIyo tJ4cr ot ootrDltrt olla ralc uaad. ,6

coEpressloual raYc vclocltJrr thr ot.dllrrt Yrlallha rit qlrlta aur-

ficlclrt for tlallDlttlDg th! P-v.vor Dut thls o!1 rrt Eot lltflol4t
for shear S-vav. ! sl,Dcr 8-rav! lE !.tlralad cmrldarrDl, tlroESL ats.

,, b.ttc ce[cltLug coupla.Bt I ot tba aatDlr to tha t!a!td[6art rat

!ad. by u61!g thc .xtr.r.I, 8BE yl,sc@! gt r!.. It la .nt3L oq[tat
s]ld d.oes Eot tloclaale tbG arc!8, ot !ba!r rrtca. &a raoltt ol t&a

teat ara giveu lE thg t.b16.

0olqlu!loDa

llhe prcaoBtgd tabla of tb. DDVIIo.I lrsolraltl.aa ol toal fia

Ilaq ls th. llr6t o! lt! kLDat .DaI c.B ba Dlrt ot . tarlat to ooval

all lock t'yD.s .!d rock torrAtloq! fa tlo ioatrT. O.8t.lr trata

have cnerScd lro! tb. crpadDatd Pttt ot tllt .!t! o1t. Da.. tta

outliusd h.rc: -

I) Fot dct.rtiEetioD ol th. $tu!et.d d8!ltl..' lt 1! tngtr.tld
tbet .a4)1.s should bc gatutatcd u.Dd.! vlcul to bt'tE! ltl1

trturation.



II. F.! actrrrlllg tha hlAb sai l.t rlguctlc .u.c.Dtlb1].1ty r.cka t

b.th L! thc lib.r.tory .s tc1L .6 t! tbe ftelt' tho K3!pr-

rct.! fauld to br . v.1u8b1o t..1r euc to 1t. .qDrltlvitr,
ald 3ppl1qsb1Lity.

III. 0t6ervetl.D .f thc elcctrlcaL re6l6tlvlty rcrult8, ab.vG thst
thcr€ rerc v.rlatlalr .ro!g (L) ..rples .f alllclcrtt lacl tylla!,
eDi (B) gerpl€s !f tJic sanc !.ck ( queal-haEogcacoua ) ttrpca.

For thc 1.8t, th. ra!8. ol rc.illD8 tas tak.! ?or a psf:t1cu18r

t)Do .l rlcl ( er-gypaun). Fc! ii.lrq hari r.cks, thc r.rult!
.l tcrts aD thrc€ ..ap1.r rcrc ahari lilclticsl 9nd, hoDcc

.vcragc rB6 take!, (.r-g.teti !.rblc).

lIh€ accuracy of lc8aurcEcat! af P- aalt S-rav6 vclooltle,
aepelaa prLu.rlly .u thc queuty ol tJrr r.celycl .1a!.1, tbc
bclt ,ass1b1s llatrel lhoulil bo .btaLDcl fo! o8ch E.DpIc. trria
llwolvoa furult !g that prop.r sLlgDlout .f traqiucqrE, c.uDI-
l!g, srlpla! 6u!l.ca oocthnGss aDd paral1oL1[ 1r lbt3ia.i.
I!.o!c q8acs lt !8y b. lscalrary t. rciluc. tho lcagth ta
schlevs e g..i quallty sLgDrl, t rr1.v6r passlbl. s.llpIc d.1&-

!ct.r should lot bg 1cr6 th.! transluc.! aiaDetcr.

Ia reploa of lao.€ laterial (e.8. caarEe &caLlgd

flIabls Gcrcur !e!isto!r., ths absorptlalr of the .laatic errlgy
l! .!prccL8bl. .!d tha tDpulrc ssrtvilt 8t thc r6lrtur8 d.vlce
(Oac111osca!a) 

' 
6 tao ro8k ta b. ect ctci & haac. tr. r66u1i6

at P & S rr. yelocLtlcg rclr abte1a.a.

It r.a faulil qultc iufftcul,t to drlLt c.rcs f!o! th6 Lucolpot-
slt flL.blo -!ck Llk. e.ars SaDdstoae aad Upper Fsr6 Satllrtarc,

rv.

V.



thlE tBE elthcr ttuc to thelr great FrLab1l1ty, alco iuc u!{at

reter ag coolant dr1l1{ng egeat. It nay be pose[ble to drl11

cere from tben by using .pumped air system inetead of water,

tbat flas not evailable with the heavy duty coring machine

available ln our laboratory. Therefore no result of P, St

'results waa made for then.
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IODTIE

A. 8. ll- loott lDd -l'r' EllAc!'

lBgtRlcr

th.F a! tha ltattatlc'l thcol, of t'ttrr't'! "tlr'tlo! 
l!

It!a]! todala l. rltolt oo'Dlct'Iy i"rtoD'a' th' Dlobl't ol !'l!8

Uooryllat! aatr to! auch aatl"tq' bl' Dot 
'ct 

b'c! 
'o1r'O '!loot3F

ltll'l. Etr!r.!' .ox at.tl.tlcl! rrage't'it th' nr' of Dlcltl'tle oE'

tba .larh8 arta to oortLctc tbc lDoorFct' 'v'11!bf 
iirtr' ltl'

oo[D1ltad illt! la sDotha! !ou!O to bc u!'it lD cltl'ltllg th' Itur-

ratala lcqullcA. Ia tit. DrIr! ra 9!or'a tL't' la tlDc" roa'l'

tr1D8 tbc t rat 8clrrtc r.thodt !84 th' ao'Dlrtcit Artl aor' Dot 8lt'

brtta! aatt.rtra. ID fact uabS cotDl't'it ittta o! lacorl'l'tr drt'

1r]A to tla l!r. artbrtaa.

I.tilr.tlo.l Darc1o clt of thr llttot'l-
+ -+ r (2.r)L.t t.Ie+E

r! rollcl tc utrt tit!' t ? ' 
rt 

'to lrDlaaaot tha g.!r!11 llDll

faDAor vacto! of otila! t t l, tlA I tr r ooott'd r'tlLf of ot{t!

! r Dr arA 3 ta a taoto! of llrlaLtr!' to b"rtt"trd otr o!i!'! Ir r l'

r1!o, tc hll!!

tY-I0, th.lt

tt -I . lull ".cto! 
ol e!tt! I t I , '!'

t. Dag,att-ot ol at.tllt1oar ll-Iu.taDtlrt an Ullv'!slt'' B{!l.d -

- - 8!ec
[-I!rrt.!.t!tlrth .,ou!Dll of 8cl.!cq' vol' 5, no' f (19&)
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). Conclusion:-

It has been proved that no improvement in eetjxates ie

detected aa a conaequence of uaing to completed data over

estlmatee obtained froro the incoropletc d'ata available'

Ihese reeults are true only when ueing leaae Square esti-

uateE in the linear motlels, when

incompletenege ie due to a cteelgrr rather due to randon

effecte.

However, further problens are left for further inveatiga-

tioae. The probleme are: Egtimating parametere in the

tlaeer modela when other cstlnetion proceduree 'are to be

uged beslde the least Squarc method, conaiderlng miaeing

datc duc to rendom effectg rether then due to a tleeign'

ヽ
ヽ
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DDCAY SCEEIE STI'DIBS IX 152S4

BJ. Bleber.t, I.A. Ahleboorl', end f,.F. Kattilounlr

ABSTRACT

Thc genna-rrys enltted' 1n the iecay cf 1528o8 h""".

beea stualleil by hlgh efflclency, hlgh-neaolutlca, eo1ld-stete

detectors. rheae Dea6ureDents t.gethcr tlth oe('Ll)- oe(Ll)

colnclclence experlnente reveeletl the exlstencc of 58 gaolre

transltlons 1n the decay .f r52sr. The eolncldence Yrerk

csnflruetl the cxlstencc cf the ner levela 8t 1580.0 anaf tTol'4

kev ln 152sr. The neesurenent .f the ennihllatlon radlatlon

8hcf,ea that the posltron branch lntenslty 18 (o.O15 ! C'oof)F

of the total ilecay. Ttre natule of the crclted etateg are

dlecuased quelltattvely anct are laaorteai lnto the ttlfferent

rotatl on-vlbret 1on benale.

INTRODUCTION

The onaet of nucleer.atefornatlon le rather ebrupt et the

begtnning of the rare-earth reglrn of dcf.rDea nuc1el. The N'9O

nuc1e1, u.g. 152Sr, dlsplay the 1ow-1ylng excltea statee cherac-

terlstlc .f rot8tlonal apectra end are conaldered to be defarBed.

Hawever, thls nucleu6 18 better referned to eB transltionel,

alncc 1t8 proportles preclutle classlflcatlon ae a dcfcrned nucleus.

r Dcpartuent'of Phyelcs, College of Scl6ncer A1-lIustanslrlyeh
y"1":":i:v: :'gn:":,-Y3'- - -
Af-Ltustan8lrlyah Jeurnal of Sclence, VrI.4, Nc.2 (1979).



IhG DucLc.! dcc.Jr .ch.nc .f 1529" h." b.en the lubJect

cf !.t?!rl hTcatlgrtloD! t!.! th. dccry .t tho 1528u!'a

troDorlc D.lr. ffl , cb.rtod D.lrtlclc c4)cllDeate fz,:] , ana

Coqlotb arclt.tl.D rrlEltDnt. f4] . ecvcrA tuv66t1g.tto!a
cf th6 alccry or 15%u 

ff - 7]l n."" novo.l.ea 6ev.raL hlgh

c!161.gr lqvela rDA actoraL ros.L gaDa trr[s1tlcD6 Ln the Aacay

er 152g1, but thc lict.ltdl rclult. .h.r !.t6 altfolorcas. l't
thir ltagr, tt ,.s fclt th.t . tbcr.ough tar7l6lon ls nceilcd fc!
. alt.1lcil trvartl8.ttcD .t t'trc aacay .f f5hog. ?hl! hrs bcGn

.ca.[Dlt€b.A by urla8 e hlih .a.!6r-!Gr.lutloa rnA htgh cffl-
.eloDq, O.(Ll) ltcctr.letor .!at rrt.a.lrc\r .!D1oyr.!g oc(Ll) -
Oq(Lt) c.bcla.Dcc t.chnlquc. ln orac! t. ra.k aur6 of thc
lrcttca .trtcs rtr 15281 ead cst.btlah tho c.!r.ct ttecelrenta of
traasltlana botr6crt tb! altfcrcDt baDda.

trPnlx8Ntlt lBocBDuRt

tbc f52!ug 6outcc La cbt.Incal ftoD a coBnerclal suppllor
(R.al.ch.D1csl C.at!. lrcrfsh.r, Bngf.nd. ) tn tho folD of . poht
aour.oc rLth .ctlvlty .l rbaut tc! Dlclocurlee. tho cnu lDl,u.lity
fauDA l! .ppttart.at.ly l, of llfu *fcir !!6Bentca Ltttlc
altlrculty la thc .Dr1ya16 .f tb. lpcctrs E1nc6 tts Acc.y
fosturroa alr rcrr ucra fri) .

lro ltthlu!-Orltt€a galla.lrlrrrl Aolectora (Orteo Dodol El)
aro uaeo tD al,rglaa aDll cclacldcncc fcssurc&enta. lech aetrctcs
t. t!u! c..rlal tlght-a!8Ic sy.tcr rlth .ctlv- yolulo cf 102.g
.aJ. t'ba oDtl.uD ra.!&/ r.o.Lutt.n of the detectclr ts 2.1 L.V
!t at lfr2 L.V rrlit . I..L-t.<c!Dtot! !.t1o of 4l to t.



A yaalety of electrolr1cs 16 used to abta In the aata

rhere e1l of lt conslsts of ortec DteaDpllfler6, allpLlfleaat

s ltrgle chadteLs, llnesr gatesr colncltleice ualta, Entl tloe_tc-
pulse-h61ght ccnvarter (see Flg. 1). A11 apcctra are lecordeal

on e tO24 chsnnel. Dul.t1-char8cl. enalyzer, (Ortec oodel 52LC B)

rlth dtgltlzing rate ef 1OO lftlz, rhlch ls coDnecteal to a

teletype .nd rn:(-Y plotter. lhe il.t. .f thc sligLes euat

coincldenceE Bpectra are analyzed by hand. Lfger erlora ero

given to the e!re!81e6 antl lDtonslty EoeoureDent6 than rould

have been lf en exten6lve cooputer s1ysls ltad bee! palfolDetl.

RESULTS

A.  Cama Singles sっectrul

The geDna―ray 8ing108 6pectrun OF the decay● r152Eug

iB neasurea by the single channeユ  oF the ttylltel1 8h07n in Fig.ュ ,

7here the 80urCe 18 10Cated at e d18tance oF abOut 15 cD fr● ID

the Face oF the detector to reduce the 8u口 ning erFect=. T。

8tudy the detalls or the ●lnglo8 0peCtrun, it haB beell aiviced

intO rOur parts, Fige。  2 to 5 8hOW a typュ ca■ 8an■ a spectrul or
152Eu rhich incluaes all the transitioュ

●  in the decays OF both
工う2 sm and 

・
52ca.

The energies are aetermined by usin3 8 Cellbratio■  8et

eF standara reFerence ●ource8, and the Tel■―kュoln inten3e galnma

■inett eF ユう2Eu are a130 ●8ed aB internal standard8●  The errore

in the energy aeterl ination eFe Cetinatea tO range b● t■Oen O.o9“

to o.66% For the energie8 belo, ■ 
“

●v, ana between O.0,r to

O.00“ For the energy range ■.o to l.7腱oV. Tablo 1 31Ves the
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Tab■ o ■. Ener81● ● Or gam●  8●Rア● (la■.v)o●itt● a

in thO decay or 1528●

Preeeュ t
stuay

R::::::,「 B“  

「(“r。 7)
V●mol■
("r.6)

ヽ

12■ .9

■I18。 3

206.o

2■う。0

258。 9

4.う

2,ユ .o

275.5

28ぅ 。9

295。 9

う29.8

ぅ86.4

こユ6.o

423・ 4

“

4.0

482.9

■2■ .77

2■ 2.|

2ul。 69

2うユ.7

275。 6

296。o

329。こ

4■6.2

Щ .0

482.8

27う 。■

295.9

24.7

ユ ●.■

121.78

■8.o

207.t

2■2.●

2,3.3

a4。6

25■ .62

269.4

275。こ

28う。8

295。 9

316.o

329.tユ

,30.9

■0.5

,85。 7

●16.o7

123.7

Щム.o

402.7
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RI::llg;r Varnell      Baker
(ref.6)    (ref.7)
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■005。p    ェ005・ 06

lo86.o    ■o8ぅ .0

■■■2.2    ■■■2.07

■■7■・ 0

■2■2.8    ■2■2.89

■249.7    ■249。3

■292.74

■3■ 3・ 5

1うう4o3

■ぅ6ぅ 。34

■,90・ ll

■408。 1    ■l103.o3

LL58。 ぅ    ■457.9う

■529.8    ■う28.65

■558.2

■608。ぅぅ

■a7.33

■769.■,

t Energr Aeternlncal f!e! cclncldauco lcaau!6acat!.
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B. Inten8lt-v Deternlnatlon

Rc1atlvc 88nna-ray lnten8'ltlc8 are deternlnod by

auurlng the ceunts undcr each photope& after Eubtractlag the

backgrouDe. thc f1na1 resufta ere ccrrecteal for the cfflclency

of the detector. The rcsuLts ane eunnarlzed 1n lable 2 there

the relatlve lntensltles of the Sanma 1lnea 1r, I52S, are glven

rclatlve to thc lntcnae 14.r.5 kev I1ne of 152od 
"hl"h 1"

conslaleneal to have an lntenslty of 1oO. The lntenslty of the

1006.0 keV llne haa bcen recuceal by 27/. to correct for the

contrlbutlon of the lntense 1004.75 keV Ilne of lAErr.

C. Colnclderce Socctra

In orAer to aeparate the 3e.oua-ray trenoltlons bclong-

lng to 152s" r"- those of 152oa, and to place the SaEna

ttransltlons lnto thelr proper' locatlons tn 152Sn Ievel achooe,

the colnclalence DeasureDeata ane cauled out u81ng the colncl-

dence BpectroDeter shorn ln F1g;1. Seven Sates aet oa tnanat-

tlona t, 152s" are used to verlry the BlaceDents of the SaDnr

trangltlone ln the decay schene ( flg.5). Table J glvcs a

1letlng of the colncldence relatlonehlpe obtalned froD these

gatcs. Carcful checkg are taten agelnst electronlc d:rlfta,

chance colncldence, and also the rurreal colnclilence duc to the

CoEpton background unaler the pcat of the 8ate. The d.oublet

nature of aone of the l1nce (e.g. 4l+4.0 -'t,y't.O and 963.4-96\

keV) requiree epeclal care 1n analyzlng the1r colncldeaccs.

Seyeral coincldence sPectra at dlfferent gates are

ahorn 1n the Flgs.7 to 11 to illusttrate aore of the resultg



19

obtrlEa flcr cclnclecnce ro*, F18. ? dlsptayg the 1,2L.9 kcv

3.taa Elrcctru! rbc!. naa!\y rll th. 8al&r tlalsltl.Da 1D

oaiDclLDoc rlth 121.9 LcV t!.usltlon .Fe obsorve4. Only tro
tlollttotr., urr!.lJr th. 719.4 aDit 769.1 LcV 11n.6r'ele not cl..!
t! tbc f18r.!c, rhllc tI.y rre lccD lD colDcldclce wlth 2!J{.5

aaa ldA.O IcV llD!.. Ia Flg. !,0' rhlch rhote ttro coLncltlence

aDcctrE rlth tho 1085.5 L.V Brtc, tbc Drclcnce of the f44.5
LcY LlDr rhleh b.1o!86 to 152Ot t" alua to th. prc.oncc of the

1089.9 tcv 11D. 1a tbc 8.t.. ft 1. ro.th DctlD8 tbat t"he

496.0 fcV 8.r...{.y, rhlch b.s net bccD B.ea tn the slnSLcs

aDoctrr[, la actcctcA lD the qolEcla.ac. aprctluD Setril by the

1U2.0 trv llac (!6c Fls. u).

tlt6 ltgult! of tb6 61ng1as aDA colaclaleDca Daaaur aaoDta

..!e ahortl tD tb d.calr .ch.ac ef 152st (rtg. 5). llt thc

atltl.Sr rtriaE ala ccnflrrad tn thc ple6ant ro!t, bt:t soLc fcr
t!a.q!1tr.oDa ale ltllL aoubt?ut, atra ata l;rdllcated by d.shed

thc! 1! thG f18ua., 61!co thclr ccula not bc obsc.vea lu the

Dlcaoat ltuilJr.

fabla 2. Et!!81c. anal t6LetlYa lNe[tltlaa of

g.rrla !.yE colttcd ln thc dccay of 152s.

程げ

12■ 。9

■

“

.う

206.o

2■3.0

Ralat 1ve
Intenalty

1o8.6 t 5.00c

4 o.oro

0.0211 ± 0.。 ■

o.o8  = 0.0■ 5
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?蓮手,
nelative
ェntensity で

238。 9

244.5

251・ 0

275。う

28ぅ。9

29う 。9

329.8

386.4

4■6.o

42う。4

●し4.0

482。 9

488。 ぅ

o9ぅ。6

496.o

559.5

56う。6

566.ll

613.9

655oう

6611.2

670・ 8

673・ 9

688,7

7■9.4

723・ 0

o.lr r 0.o9

29.22 ! o.6r

0.5olt o.02lr

0.21 t O.ol

O.O21t 0.00,

1:61 ! 0.1

0.595! o.25

o.o76t o.015

0.16 ! o.o4,

4 o.z
ro.b5 ! 0.116

o.14 ! o.O4

1., t o.1

0.16 g o.or2

3 o.ol
o.o5r1 o.o2

1..82 t o.o9

0.402t O.o2

0.ol+r+ O.o1

o.50 ! o.o2

o.o2u o.ool

O.o5 t 0.01

o.5o ! 0.02

,.1 t 0.1

I.Ur ! o.u
o.o5l8t 0.O09
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Rclatlvc
Intenslty

769。 1

8■ o。 7

84■ 。5

868。 0

901・ 0

9■9.3

926.2

95709

96ぅ 。24

964。 o

loo6

lo85.6

1■ 12.0

1171

■212.3

125000

1292。 5

1316。ぅ

■うう5o0

1ぅ 6ぅ .7

■59o。 8

1408.0

■458。 6

■529。 3

■558.う

■6o8.21

1647.41

1769.4

0.う2 =0。30

1。 ■2 ■ 0.う1

0070 ■ Oo04

16。 0■ ■ 0010

o.29 1 0。 09   ・

1.5■  _● 0・ ■2

o。 867全 Oo■0

0。 041土 。・。2

ó.う 6 tO.05

ぅ0.3  1 ■。う

2。 う25± 0・ ■4

うう。70 1 0・ 15

119。 51 1 0・ 8o

O.■ l11■ 0。 02コ

ll.6●  1 0.20

o.67 10・ 05

0.41 ± Oo03

0.02 ■ 0。003

o.o18± 0。 00う

0・ 1■ ■。・011

0。 021■ 0。003

80.“OtO・ 15

■・ 9■ 3 00■3

1。 2■■■ 0。■0

o.0029■ 0.002

0.025主 Oo00■

o。 02 ± 0。005

0。 055± Oo002
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Table 3. Re8ults or ・
'2sE gBDra―

gaロェ3 ●oinCiaOnce

me a Burelnent s. (X nean8 Feal COinciaence, mI

Inean3 unOb8e'Ved coincidonce in preBent 8tuay )。

CatO      ■2■ .9  2● 4.5   444。0  964.o  lo8う .6  1112.O   ■t08.o

゛

■2■ 。9

206.o

2■3.Q

238。 9

猛主:ぅ     ェ

25■ .0      ェ     x      ェ

275.5              `

28ぅ 。9

295・ 9       x      x

う29.8       x      ェ

386.4

11■6.c      x     ェ

42う。4

Ц 4・O   x   x

482.9

488.ぅ       ェ      ェ

49う 。6

496.o

559.う              x

563.6       x      x

566.4

6ユぅ。9

65ヌぅ    ェ   ム

工      X     X 工         X

Ｘ

　
　
Ｎ

X      x

I      x

て
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t n"." 12r.9 2!4.5 4t4.o 964.0 1c85.6 1112.0 1408.0

664.2              X

670.8                            エ      エ

67う o9       X      X

688。7     X                エ

7■9o●       II      エ      ス

723・0

769。 ■     II    X    エ

8■0。7                       r

84■・う     工    X

868。o     ェ    ス

90ユ・0       ム

9■ 9・ 3       ム

926.2      x     X

964.0      エ

■oo6.o     x     ェ

。             
■o85・ 6                    ェ

1■ 12.O      x      エ

1212。う    =     `

■250・ 0      こ
し

■ぅ6ぅ .7      X      I

■

"o.8           `
■lo3.0     ェ

LL58.6      ェ

エア 9       X



D. !9!gt9r.E$i!.!rcBs
rho aaalEr auroticnca bctrcen r52Bu8 orrd 152s* 1"

sbout 1.867 I6V rhlch ls.kcs !t posslble to (lccay by a posltron

D!a!cI! ta tha ta'-lylDg lavels ol 152St, o"."ly the 121.9 a!!d

,56.4 L.Y 1cy6ls. Tlls poaElblLlty 16 Lnveat,Igeted by sea!-

chb8 for 5Lf-51r. I.V photc! colDcl.aleDces of the analhllatlon
tirdlatloD. Ihaaa colaclalenceB et'e Ea6uled froD a atanttald
2foa 

"orlr"a 
aait froD tb6 l52Eo 

"oo"o. 
unalcr tlE 6am. conilltlons

ef focatr.on slal onargy 8atc6. fho colnclalence corEt retes are

tacolAaa st bcth 9Oo .!d lSOc ragtee, anal thc charEc coLncl-

aarcoE alc crlculatea 1! all, case6. The roEults obte lnedl sle
uaaal, togctho! rlth tJIc inorD actlvlt.I of thc ataadard 22Ua

aaurcc, ta oalculato aa aatlDats of the posttlon b.anchlDg

lDtcaalty rhich roula be Decc6sely to acceu.ut for the obBervoal

..Dll}ltlatlou !.Al.tloD. 116 losult .btalnoal shored that the

torltlo! br.nch lntcnalty ls spprorlEete\r .qua1 tc (O.ot6 +

o.oor) t .f th. totsl a"c"y of l52fu. If the captule to

D!.ltaoD !.ti,o ,.! coB.ld.lcd Lt routd lDpty that thc eLectroi
c.Dtur. tlaaaltlo! tlten.tty t. th. lor-l,ylng leveLa of 152so

ls sDlaorl,L.tcly cqual to (2.46 ! O.5O) i rrrlch checks

l'araoDebly rlth the !a.Err.:!.dl Fart|a lata!6lt1Ca.

DTSCUSSIOT

1528. lt"" st tbc bcglDDh8 ot the alofclDetl lelG-certh

ttq8loD .rtl ill.Dlrys the lor'-fytua rot.tlonal eDsrgy bandl6. It
ls lnorD .. . ra.ftr Ducl.us (lts vrl .oftrlss per"net.r f8]

t



Ls calculated to bc 0.229). Flgurs t' ls ' D'!tl'l Acc.'

scheDe ol 152st 
"t 

otlog the !.1a banil' ln tts 
'coay 

thloh '!'
illscusaeal balot t

A. OlorrnA-S ta tc Betstl,oa.l B'D'

The .trorgr levcl. 't o' 121'9' 
'66'1l, 'd D6'9 tcV

have the icll-knort! Eptn qndt p'rtw of O+ ' 2+ 
' 

aod 6+

rospectlvely. E.y beIctr8 to tbc 8!ouDA-at't' Ft'tloD'l b'!'

rtth E . o+.

B. B.ta-vlbratlctrrl Batril

flE eDorgy levols rt 584'8, Slo'7, 'nd 
102''5 Lqv

have t,hc aD1t16 8na patltles ot , 2t ' ala 4+ !"I'6ct1t'l''

they are Denbers oftbe bctr-vtbr'tlon'1 boA 634 1f t Ot'

Ihese rotstlon.l 1.ve16 arr bullt oYcr ' b't'-v1b!at1'D'1 Itr'D'a

,lth htB = 584.8 kev. Tbe aao!'lou8 br'nrblDg rBtl' 
'nt 'f

the beta-vlblstlonsl beaa f7]l ut" tott ttu'l'd by 1l!'!

Lrslng th. pstrlDg-Plu6-qu.iluPo1c (PPt) lc't'l t lDa by 8tt't"

rbo calculeteal BuccoBof,ul\y th' E2 !'trtt ol'DDt' cf t'h'

be ta-groula t?rnsltlols.

c. Oa&pa-v1brrt1o!.1 B'aa

tho ea.rgy Lcv€14 't 
Lo85'6 ' L2"'9' 'ad 

1'lI1'9 t6v

have the 6l)1ns eid parJtlca 2+ ,5+ , td 4+ rost'ccttvcl'' tbc'

ele Enb.rs of thc g.rr.-vtDr'ttoaal b'n'l tltb I'tr ' 2+' tt'

geDEa-vlblatlonel LoYels Ccc'y to the l.Ylls of tbo gleuDd

′
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"

6tate baDal ana a16a to the 2+ bcte-band 1evcl, thaaa tltDrl-
tloa6 denon6tlate the geDoa-grorud ondl gaDa.tctt rlrtDg. lta
tt'atrsltlons 1nten61tl.a ed th6 B(E2) velues f.! tbe 8u.-Dctr
lnte!-banal t!.DaitlouB have b..a coDpsrea [Z.l rftfr thd tE Atc-

tiotta of PPt DoaLl, the rc€uLts ere not aLrayE gatr.6fectalr.

D. octupole-Vlbr.t1on6 Bapd.

The 95r.lr ald 1040.9 kov lovels bcl,o!8 to thq ff- O-

octupole vibretl.ns baaal, thcy ere ta6lgtlA rp1a6 anal Inltttco
of 1- ald J- respectlyely. l, 5- leve1 roDolt.a [9:l .t 1222

kev ha6 not beeq obaarv6dt ala can r.t be ceDfltroA ta tla laalta-
actLve ttecqy of 1526r. Ihe 95r.4 lev lcv.l 1! !t!.D8Ur p.Dul.t.d

[f - S.l r" the aecay ot 152rut aaa 16 Ducb lcEs ta ti. a...,
or 152rl,4. thls Leyel t6 otrly ted by 8rEa t!.ri.ttl.!rr
deercltt!8 the htghe! levcla.

t. Hlcher EnGrEy Statcs

(f) Se 1529.9 aait 1579.9 k.v lovels erc thq 2- .!a t Drb.ls
of the KT. t- band, fh€ collccttic D.tulo .tr th. 2-
teyel 1s Bupported by rr8u1a! c.!!.l.tlo! c5,crf-ratr [O]
wherc 1t 16 found. that the tr.Dsltloa ftron thc 5- nD!! rE

the octupol6 vlbrattoD! baDd haB etr t2 tatulo. tba t-
DcEbe! of thls banit fa rcpertca f9] .i 1510.8 LY riloh
L6 cxclteat tn the aecqy of f5ar.t but 1s Dot .b!rE .a la
the alecay of 151og. The 5- Enbcr of th16 balrat L.

sBslSnec .t 1726 LcV tblough Lacl.stlc alcut.ror scrtt.ritut
erperlueutE [zl l"t it Ls not obscr'rcd lE the dccsy of
152 Eu.

′



(1r) It. 1292.5 tcvcl BceDa .t D.ltlcula! lato!.!t lbca ttara

ls s@e .v1aeDc. &it tu.t 152g" oo"1o'r" ha6, ta tbt. st.t.,

a BDslle! aLforD.tloD tb.tr lll th. 8r.urd atatc' l.c.r thc

!292.5 lcael lE el..oBt . 6l,harlc.I strt.. the iloo., al
tb16 1cye1 ls pfefcloDtlallJr ta thc lovo16 of thc g.l.

bena, bcte benal, er*l octupole rbtatl.D.l b.ad, btrt !o

8a@a tr.ngltlons to th. g.Dr-v1D!.tloD.l b.!a. ltalafollat
lt ls auggcstrd tllrt tht. 1,.v.1 lr tha 2+ robcr .f r trF
phoaoa bct.-y1b!et1o!it baaa. I! tho ilcc.y ol l5tur, . O+

trrbr! of thts batrd lE obscltcd rt 1082.8 Lal blrt lt la
aot trF..!t t! tb. iLc.t ot l'2d,

(1U) rtlo 1651.9 elat U57.2 rcv 1qve16 rlc c.ifhtoA bt ocLacr,-

AeDcc D.au.cD.uts .Dd tba, alrDl.y .Lllr! fartulaa. lDc

1651.9 Lov lev6t ts r.6t8acil r 4rr.D .f 2- ..Ba 1a ..Dalarlaa

aa tbc b.nd hcad ol . !!cr ectuD.l. bali tlt! fE. 2- ;
thls rBslSllcDt ls suDpcltcat by thc r.lrtl!. E(tf,) yrf!..

[9] or tfro tlrn.ltl.as 4..&1t1D8 thl. Lr.l. 1b L7r7.2

Lev lcycL tB .noth.r !.D.r .f thc t.r. b.!il lt lr .ralSDal r
epla otr 5+ b, Bur.ttc rt ar. flt .D gr.urds d ttr acory

characterl6t lc6.

(fv) fhe 1680 k.V 1cve1 la reDort.a du. to thc colnclalqDc.

neasurelentg. ft 18 aaslgacil a aplD of l- barca o! tba

Accay charact6rr,stlca a.Dil tJr. l.a lt v.l,u.. thc Uol.lr LaY

level 1a ploposed tc erpLalt! thc vor, rest coLucldcttca

betreen 2l+4.9 .nil lrrt+.7 k.V lr,no6. thc ttccay .f thLs

LeveL or-lJ. to thc 4+ state o.t trhc 8.6. baDit lDd,tcrtaa tirt



Lts spl-a Ls &- or 5-. t,be 1769,4 Lov 1cve1 ls suggested

[Sl to U. . ceuplcdt beta-g.Dlra tro-]holon 2+ etate

basctl a[ thg cn6r'ga ouu of o+ bcta leve1 aud 2+ genna

loY. !..

CONCLUSIO}IS

Ihc ,lvcstlgatloD cf tha a 6cry cherecterlatlcs of l52soa

tras rcvoal6dl tho erlstsucc o! 58 ge![a trsnsltlonB lD tha aec{y

n3 152ga .h"r" trenty crcltcd statca havc bceD corflraeat, atlil

tha ilecay schoro has bceD !rol,o6ed. Se?et'.l atate6 sre contLr-
Doa iu thls lDt eEtlgatton by colnclilence results ntr1le they

havq beeE placca before by cnerEa flt aloDe. Itre pooltlon

braach froD l52E to ah. 1or-lyltlg levclo of 1529. 1" *r",,""d
to be equel to (0.016! o.oo3) t by Des6u!1ng the arDlhllatlon
aaalletlon colncldleDcca. Ihe clcctron c.pture brsnch is e6tlnateat

to be about (2.46 f 0.6) , of th. total d6cay of 1528r,8. Ttu

LEteDsltl.c6 ofthe verv ,o.k t!.sDsttloD6 batreen the dlfferent
bend6 heve baer Easulea. the coElallson of the ltrter-band

transltloDs latoD!111.6 ritl tho prcdlctlons of Alff.reut thco-
l'ctlcal Eode16 1s aot eLrayB Eatl6factor."y, end fut'the! 1Dve6t1-

gqt!.o!6 ele Doelletl to erplore tlE anoDal.ous brenchkg ratLoo
lotreea allffcleDt batids.
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