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ABSTRACT

Ïrlork described in this thesis is ma i¡Iy divided i-nto two parts:

(L) Perfo¡mance analysis of a I.2 meter curved crystal spectrorneter.

(Z) Determinatiion of the rel-ative intensities of Iridiu¡n - I92 garrua

ray6.

Performance of the curved crystal_ was anaþsed. by scanning it part

by parb, as it hras suspected that the crystal had not been properly

bent. Resul-ù of this analysis ohowed that, be deleting cerùai¡ portÍons

of the curved diffraction crystal_ better shaped 1Íne profiles could

be obtained and resol-ution of the instrunrent could be improved. 37%

of the crystal aperùure was deleted.. This, however, did not affect the

counting rate to any considerabl-e arnount.

Rel-ative intengities of 13 garnr¡a transitions of Ir - 192 have been

deternined, rnost bf which agree fairþ well with vafues reported by

other research worl<ers (who have d.etermined thesê values either by

crystal diffraction method or by photo conversion method). Relative

i¡tensitíes for the 283, 375, and d16.6 kev lines have been dete¡mined.

This has not been done earlier by crystal diffraction method. Rel-ative

intensities for these LÍnes are 3.4, 8, and 10 respectÍvely.

.An enpirical efficj-ency rule for the curved czystal diffraction
spectrorneter operated. in tandem u:ith the scintiLlatlon spectnrneter as

one unlt, has been deternrined experimentalþ. This rule is quoted

here. Relative intensity (n.I.) : const. x Photopeak area (Ap) xE3.l+53,

r^¡he¡e Ð is the gamma enerry.

. The refl-ection coeffi.cient, R, of !O quartz plane has been de-

ter¡nined as R = const. Ë'L'95, where E is the gamma energJ¡.

ThÍs is j.n faír agreement r^¡ith val_ues gÍven by other uorkers. R

r^ras d.etermined in the following way. Fo¡ each line, relative intensity
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not corrected for the reflectivity of the crystal- v,¡as divided by the

respective rel-ative intensity value obtained frorn the effÍciency rule.
These ratÍos were plotted against reciprocals of respective gaJnma ener-

gies on a log-1og graph paper. The Line passing through these points

was a straight 1jne. Frrcm ùhe slope of this straight line, the above

vaLue for R, was det er¡¡rined.

Energ¡r resolution as d, funct,ion of energJ¡, for the curved crystal

diffraction spectrometer, has been dete¡¡nined.
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CHAPIDR T

CÐNERAI I}¡TNODUCTION

Thè subJect of cryotai- diffractlon spectroocopy concerns dff-
fraction of x-reys and ga¡ma rays f¡on slngl-e erystale, and determjna-

tÍon of theír energies a¡d inùensltl-es from the anguJ.ar di stribut lon

of thesê reys. For any usefll- lnformation, the rays, which are scat-

tered eLasticallf (i.e. without Lose of energ¡) by the average epatj-eL

dj.stribution of slectrons surroundi-ng each atom (of the clystal l-attice)

are of i¡t erest.

The wavelength (fron which enerry can be calculated) of the ¡adia-

tion under etudy Ls givon by the well lcrown Bragg equatS.on

n À=2d ein âg.

Here n ís the order of diffractLon, À is the wavelength of radiation,

d is the fnterplane spaofng (which is constant for a parüiculêr crystal

plane) and g3 i.s the Bragg dlffraction angl-e, which corresponde to the

direction of naxi:rrue intensity of the diffracted ray (1.e. the radia-

tion under study) .

If the díffracùion planes are perpendi-cuIar to the incident and

exiù surfaces of a crysùal la.nina, then, for reys transrÉùted and dif-
fracted by the crystal laurina, the refractj.on at the crystel surface

is such that thig Bragg equation holds for both internal and exLernal

wavelengths and diffraotíon angles. So, comection to the observed

Bragg angle for the reffs,ctive j¡dex of the cryotal used is not necessaqr.

Most of the crystal spectrometers used for x-ray and ga¡ma ray

study are of the transnission type and the crystel l-ani-nae used in such

---ìffiffir
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sÞsctroneters åre cut with the dlffracting planes perpendicuLar to thoir
i¡cidenù and exit . su¡faces.

The study of nucle?r genna rays by dírect crystalljne diffraction
nethod was ftrst eâde by Rutherford and Andradel. This Ïras reported in
the year lpJ.{. They could ¡neesure gaûna rays ot 

"n"rg¡i 
up to lff kev,

(ZO ri¡. Another arrangenent, the rotatjng crystal technique of Bragg2,

was used first by Thtbaud3 (:n lgzÐ a¡¡d then by Fri11ey4 (:¡ f9z9) ror
the study of nuclear ga&lra rays. Frilley could ¡¡easure ga.mra raye of,

Thesê early aùtenpùs are of historical importance onþ. The pre_

cision wae poor and the regolutlon hres 1o1,r. Moreover, the ¡neasurements

at snaLL dÍffractl.on angles were obecured by relatively fntense back-

ground due to direct and diffuseþ ecatte¡ed radiatÍon.

I¡2 l-930, Dril4ond5 suggested ê curved cryetal focussi¡g x-rey spectro-

neter technique. Thj_s was flrst practícalþ realised by Cauchois6 egSZ).

În 1934, she recorded, photographicalþ, x-rays enitted by ext,ended sourceg

of diffe¡eht radioêctive isotopes following dlffraction from ¿ curved

crystal. The ehortest wavelengths measured. u-ith this arrangem.ent were

abouù l-60 ni,?. Hero agein the chief difficulty in reachÌng the shorte¡

wavelength donaín was that of shidirrg tr¡6 ¡irr fron the directþ trano-

nitted garuna ray bean eo that it nighù not obscure the spoctrurn of select-

iveþ reflected Lines.

A naJor advanoe i¡ the measurement of nuclear ga!¡ma rays by crystal

dlffraction w8,s eâd.e in 194?8 wiüh the deveJ-opment of Dul,fond rs 2 ¡netre

curved crystar spectroneter. His spectrorneter is ree$r a monochronaòor

of variable wavelengüh rather than a epecùrogreph sÍnce with it the in-
tensity of only one wavelength at e tj.üe can be observed at each engular

setting. The source is noved to successive wevelength positlons on the

.''.:
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CHAHTER TT

' II{TNODUCTTON TO TIIE PRESENT TNSTRUMENT

ii:+,].
The lnotn:ment, used for work described in thÍs thesie (i.e. the

present Ínstrunent ), was conetructed 1n this precision ger¡na-ray spec-

troscopy laboratory a few years ago, under the supervision of, Dr. Ð.

G. ÐougIas. It is eesential-þ a Dul"lond type ourved crystal (1.2{ i:i'itt

metres 1n radlus) tranenission ganrìa-råy spectrorneter. Mr. .Iohn F.Mære i.. ¡

was the fírst sùudent to use 1t. Detaifs of lts const¡uctíon and work-

ing have been reported by hirn in hls M. Sc. thssÍs dated October, I!Jp.

Ibs basíc ieatu¡es are brièfþ reviewed hore.

A quart z crys¿a1 larnlna (about a nilLi¡eter in thickness) is elas- 
I

l

tícally bent Èo forr par'ù of a rÍght circuler cylinder of radiua 1.24 
l
j

meters by app$Ílg force nornsl to ùhe surface of the crysùal J-anlna i

1l
w"ith the help of two cla.nplng blocks. The transverse crystal planes, 

I

norrraL to the cryatal surface, iherefore converge to a llne coÍnciding

with the axig of the cyli.nder. The radioactive Il¡e souroe is kept i1'li,'l.¡'.'

parallel üo thig arcis. The source. is constral¡ed. to nove on the gur.f,ace 
1,,¡,;,..1i.,
:,':r,:,l'i:':,

of a right circul¿r cyiinder whose exls ls parallel to the ¿xis of the

cyllndrically bent czystal. The dianet er of this right circular cyLln-

der 1s equal. to the radlus of curvature of ùhe benà crystal. Thie right
i .i I .:-r l¡;

circula¡ cylÍnder (on which the source noves) passes through the axis of ì'r'"'

the bent crystal, touchlng ihe crystal tangenùiaIþ.

For dlscussíng the operaùion of the spgctroneter, it 1s convenient

ùo consid.er a cross section nornal to the axes of these cyllndero. thus,

let the crystal bs considered as-the êrc of a circle a¡¡d ùhe source as ,l ,: 
"t:
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a poi-nù noving on a oírcle of diameter equel to the radius of the circl-e

to whÍch the crystal has been benf. The slneller circle, called the focaL

cLrcl-e (or the RowLand circLe) passes through the centre of the circl"e

üo which the crystal has been bent and through the centre, C of the cryo-

tal- ÍtseLf.

The directlons of the selectiveþ reflected rays from t¡ansvo¡ge

atornic planes of ihe quarbz crystal are kept flxed so ¿hat these rays

can pass through the Soller elit systen (or baffto collimetor) reachl¡g

the detect,or at its other end, both the collj¡netor and the detector are

kept flxed in space. To acconpllsh thls, the crystal is rotated, (and

conoequentþ lhe focal circle), about its centraL a:cis by haj-f èhe angLe

of rotation of the source (which 1s constraíned. to nove on the focal

circle) around thls centrel axis of the crystal. Figure 1 ii-luetrates

ochernticalþ the geonetry of the epectroneter.

The same reference Leòters appþ to figures 1 and 2. The big circJ-e

CVR ls the focal circl-e. C - centre of the crystal, R - source positíon,

V-virtual Srnage posiùion, F * ,.ro of the wave length scale, o - cenüre

of ùhe focal clrcle, A.- baffle collimator, D - deteétor, CB - 1s¡g¿¡ o¡

the lower radial bea¡n which Le always perpendicular to the tangent to

the crystal surface at C, CRr - length of Èhe upper radial bean ¡,¡hich

car¡ies the source, L - upper carriage, Q - lower oarriage, T- the treck¡

snd B | - centre of the ùrack. CB ie perpendicuLar bisector of ùhe l-i¡e

RlBr. CV Joine Bt, if exbended.

In f5.g:re 1, the vlew at cent¡e shoÌrs the lnstrument at the zero

r^rata.l. englh posiùion, while the views to left and rÍght show different

waveJ-ength settings for reflections to Left and to right of the atonic

neflecting pl-anos. Here the tine joining the source with point C (through

which the centrel axl.s of the crystal passes) rotates a.t tt'rlpe the ¡ato

Ii::::
i:n

liü
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-ó-
wlth which the crystal- rotates. The vírtual irnage pollt V then ¡enaino

ln a fjxed posiùfon dlrectly opposíte þ.tre baffle colllmator o" Soller. slb

syote,n A.

The âblLity to otudy the spectra resulting f¡cn reflecùion on eíther

side of the transverse et onic reflectiag planes as polnted out above, ro-

noves the need for lcnowing beforehand the exact positj.on of P, the zer.o

of the wavelength scale.

- Actu¿L xÞ rkl¡g of the insùrunent can be followed fron flgure 2.

0 defi¡es the ceniro of focal circl-e vrho se dianeter ls f.24 netres.

The radius b¿r OR of the focal circle Joins the gource carriage R, on

the upper radial beaur CRI to the plvot 0, supported on the lower radÍal

bean. The upper radial- bean I, constructed of ùwo channel eections

held aparL by spacers and pfvot ed at C, is capable of owinging, Lndepen-

dentþ of the orystal. hoJ-der and lower radial beam II and l¡ a horizon-

tal .arc about the poif¡t C. The source carrlage, whích ¡ldes on this

upper boam on steel ball beari-ng l¡ays, cên travel a short dietance along

the beaars length, as dictated by the not Íon of tho radius bar" (fnts

is necessary to. keep the source on the focal circle.)

The oaLl- collimetor At, pJ.aced on the upper rediel- been dlrectþ
i¡ front of the source carrj.age, acts as e guidi¡g device for the ¡adia-

tion incldent on the crystal.. The lower bean, al-so plvoted at C, at a

lower helghù (Ueing fixea to the cyllndrical steel- bearing C2) and ca-

pabJ.e of swingÍng j¡ a horizontal arc, is rigldly clamped to the crystal

holder by ¡neans of e vertical shafb l¡hich passes dor+n through the cyJ-in-

drical steel bearìng (C1) for the upper bean.

The unpivoted end of the lower radÍal beam t er¡rinates in a length

of cyLindricef steel- shafting which rides on roller bearings through a

i:i..l.i¡ij+

:',:::ì '.j'

!ì'ì:-.1 :::,
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supporù Ll irt carriage Q. This nakes the dietance CB capable of varLa-

tlon (flgure 1).

The snêll cêrriage L, on r,rtrlch the unpivoted end of the, upper radiai

bearn rests, is free to ¡nove on two cylÍndrical steel rol-Ier bearings (hela
ì:r-:,:Ìr:irapalt by spa,cers) on the 1or*or carriage Q¡ which, in turn, is f¡ee to i,,:,,.,,,;:.,,

rnove on the track T. The track T can rotaòe in a ho¡izontal plane about

a cylindrioal steel spindle Bt fixed to the base of ùhe instrument. The

unplvot ed end of the lower ¡adieL bean is flxed to the carriagee e. To 
,.|i::.j:'i1i','r'drive the spectronoter, a spur gear ie held fjxed on a steel plate ., ,
1..:.:,:.::.::,

mounted rigidþ on a gteel upright attached to the track T, at te middle, i::l...',:,.

where it pasoee through the eteel spj¡d1e Br. Thii spur gear engs,ges

a steel saw tooth rack fixed to the lowe¡ carrLage e. This ¡ack end

plnion system allows the carriage to bo driven along the track by ùhe ,

iturning of a clrcular b¡ass dísc P whÍch is geared down in a ratlo of l

fifby to one. As the lower carriage Q is drivei¡ along the track, the 
i

upper carriago L, end conoequently the end of tho upper radtal_ bean (on

which the source car¡iage lies), ls congtralned by neans of a pulley sye- ,

ten to ¡nove along the lowor carriage (to which the Lower ¡adial_ bea¡r íg 
i:irr:..,::i

ftxed ) 1n the eane direction but at twice ùhe rateo (As the crystal "
i.,¡,,,, ¡:, 

,,

holder is rigidþ d-amped to the other end of the lower radJ.al bea.n, ;...:,,,,,,.

this neans that the sou¡ce rotates by twice the angle of rotatÍon of the

cryetal around the axis through C.)

The wÌ¡ole Lnst¡ument i.s supported upon a hearry ehannel base hich i$!ã-;.4iiÈ
lr:¡ff:':f

can be levelLed b¡r neans of si:< heauy screws. The baffle, or Soll.er sLlt

systen A and detecto¡ head D ere pJ_aced beyond the ourved crysta1 at a pro-
,per elevation

I,Iavelength neasured by the curved crysùaI spectroneter Íe ¡ropor- 
i.!:i:.rr:ji
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tionaL to the si¡e of the angle á at which the ganma radiation ts inci-
dent on the transverse planes of the curved crystal. !.ron fÍgure 1, it
gan be observed that RIBC ts a ríght angled trianglê wÍth e constant hy-

potenuse BrC. So the waveLength is proporbional to the length RtB, which

Qo¡responds to the distance of travel of the spur gear along the rack f,ron

the rzeron poeition. This is moasured by neans of the brass aisc (aiat)

P geared to the rack and pinion assembþ. The nu¡nber of cornpJ_ete revo-

lutions of this brass disc is given by a suralI ¡evofutíon coru¡ter fjxed

to íts a¡¿e. The bress disc can direct\y give readings up to L/lO

of its revol-ut ion.

Calcul-ation for the dístencé RrB is dho¡n here.

0.6 I j¡chee is the dlaneter of the spur gear. The spur geer turns

et 5O:1 ratío of the dial, go traveL per ür.rn of the spur geêr on the salt

tooth ¡ack is (thO) x0.61(= 0.03?2 l¡ches. Therefore the distance

RrB is 0o0377n, where n is the total nr¡ober of turns of the dial-.

The constant dÍsèançe RtC is 51.99ttO.OO5 i¡ches. From theoe data,

Sin ê and so, the wavelength can eaoÍþ be caLculated. (For very s&all

aÌrgLe e, ae a firsli approximation, sin A can be taken as equal to the angle

€ ltself, )

The futl vl"ldth at half nari¡r¡n for each energr Line profiles in se-

cond.s of arc (59) can easily be calculated fron a knowledge of the width

in dlaL readi¡g (6D). They are related as fol-lows ¡

60 = l-50.8 x 6D geconds.

Derivation of the reiaòion is sÌ¡own in the Appendix.

The cl.anpÍ¡e blocke and the cr'trstal.

The diffractÍng quarb z crystal Ís held between two specialþ nachined

stafnless steel clanping blocks C " These ''bJ-ocks are nachÍned into a

l
I

l

a.::i<::l:.i:1.r:

laìili:::Ìr,l:ììt:



I ¡y the boftg dírectJ-y, to allow for any seal-l- contractions or oçpansions

due to tenperature changes. Thls cJ-arupìng block assenbly Ls cLa¡nped

onto a tabl-e which is rigidþ flxed, by means of a vertf,caL shafU, through

j the cylindrioal steol bearilg 0¡r to ihe lower radial beam as described

-**--r-X,$W

-9-
natchlng convex-concave set, the radius of curwature being the radius

to which the crystal 1s bent. A rubber gasket sepa.rates the cryetal slab

fron the concave block. The two blocks are held together by four bolts

fítted with helical- springo. Pressuro is applled by springs rather than

l.:: 

",,, 

.ì:j

ea11i.ér.
,r..,,.,,-,
'I The convex block has a ribbed window of djmensions about 5.8 sn. by iì.i:;.: '

f 
l¡.8 cn., whioh deterninee the aperLure of the crystal. The purpose of 

l

] the ribs is to suppþ the centre of the crystal with EripporL and ùo en- ,

. sule an accurately curved profile.

The trenôverse reflecùing planes of the quarLz crystal (which are 
,

'perpendÍcular to lts surface) are the 310 pl¡,nes utrÍch have a grating 
i
J

distance tdt of 1.1?76 À. Thíckness of the crystal lar¡i¡ra is about 1 nn. 
i

Tlie; beffLe systen.

The baffle or SoILer slit oystem A (tigure 2 and plate 1) consiets

of fífüy sl-ot s and fifty babbitt fi-ns each of width 0.0d0 inchês at one

end (nèarer to the detector) end 0.025 i¡ches at the other end (nearer

to the diffraeting crystal). ?hey have been tapered Èo converge at the

source when the Bragg angle 1s zero. The purpose of the baffle systen

ie to shield ùhe deteotor fronr the dírect radiation bearn at Bragg angJ-es

different from zero, and to transnit onl-y the properþ diffracted rays.

The radiatíon detector.

A NaI (Tti) crysùal, 4à i¡ct¡es i¡ dÍameter ana I inctr thick, Ls used :

as the dotector for the diffracted geruna rays. The large diameter is . .

i.:;::...Ì.::::r

necessary fo¡ recelving all of the diff¡acted rays transmitted through 1"',,'ti.'.,I ,iì,



-10-
the 5o11er S1It sysùern, rarhereas, the smaller thíclmess is useful in
keeping the background counts due to stray radiations (other than fron

the source) 1ow. The crystal is encased in a thi¡r afurni¡urn covering to

proüect it fron moisture. A phototube ¡nounted. on the back surface of the

c¡ystal ís connected to an el-ectronic counti.ng circuit. The phototube

and crystal assembry is made J-ight-üight. This scÍntillation crystal- is
sr¡r¡ounded by a thick iron ring so as to reduce the background due to

any radioacti.ve ¡naùerial pr.esent in the l_ead shieldjng. This crystal

and phototube assembly is mounted on the baffle col-limator at the diverging

end of the babbitt fins.

The pulses fro¡n the phototube are passed thrcugh a preampJ.ífier to

a Franklin anplífier. The output of the arnplifier is passed through a

pulse height selector to a scaler. The pulse heighü selector enabl_es

the pulses produced by gamma ray photons of one energr to be cou¡ted.

Thus, the systen used to deteot the selectively refl-ected gaffna

rays is essential.ly a scintillation spectroneter operated in tandam with

the curved crystal spectrometer.

' As the spectrum is scanned by the curved orystal specürorneter (which

is realþ a ¡nonochronp,tor of varÍable wavelength), the differentie-l bias

level- in the scÍntifla.tion spectrometer is.Þried so that the pulse height

selector gate adnr:it s only pulses having the sane eners¡ as the garuna rayo

refl-ected according to the Bragg relation by the curved crystal. In this
manner, a l-arge fraction of the background pulses due to coenj-c rays and

scattered ganuna rays are ¡emoved fron the spectrurn.

As a check against backJ-ash, the radíal bearrs of the curved. crystal-

spectrometer is driven in only one direction aLong the tracks from the be_

uil,¡¡i

:. |:

ir'

il- l:.¡:.:
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gj¡nine to the end of the spectral l-l¡e profile.

The source holder.

The radio-active source ís hel-d in an a.l-urnÍnum vice which is nounted

j¡ a babbiü bJ-ock, which in turn is placed inside the source castle R

(fígure 2 and plate I). This arrangenent attenuat es the radiation fro¡n [.!l

the source to a biological"þ safe limit. A narrov¡ slit in the castl-e

aIl-ows a sharp beam of garuna radiation to strÍke the quarLz crystal.

The source casùIe R ie nourited on the source carriage. This nounting i,

is such that, the source slit (which ís i-n the frpnù of èhe source 

"t:"

i ;ì;

castle) is always on the focal oÍrcLe. i;:.'

i.li

il.,

|...

i

i

læ
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!f
t::
l.'
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. Shapes of ùhe llne profflcs,
before Lnprovørcnt oi. the apårturc.
the curved crystal.
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CHAPTI]R IÏ]
HARTMANN TEST

Introduction:
' 

'''ttttttt]j
The name Hartmann test has been d.rawn f rom analogy with the r^¡e11- l:r:: :: !

lcroun Hartnann rnethod of testing the aberrations of focus of Jarge astro-

nomical- mir¡ors. In this test a srnall- fraction of the ùto1e aperture ís

studíed at a time. Need for such a t,egt for ühe present curved.(cy1in- it::"l,lut'
dricalþ bent) crystal v¿as felt , necessary after obsorving that the 

!:,,:...:,:

spectral line profiles for dÍfferent ganuna energies of Iridiun-l-92 |''' '

we¡e far from synrnetrical in shape.

The line profiles for different energies actualJ-y showed the foLl-ow- :

ing features:
I(t) H:.gher energr side of each J-ine profile was steeper conpared I

to its counter ps,rb on the lower energr side, í.e. the profile rose

more as a slanting i.ine than as a smooth curve.

(Z) Iower eners¡ síde of every spectral l-ine had a snål1 hump at

its tailing end. Also it had a longêr tail cornpared to its counüer parü ,,. ..i..:
1:1i¡i.i

of the higher energr sÍde. 
i,,..',.,..:.,
r:r.:::::..i,:.

These features of the 1Íne profiÌes have been ill-ustrated ín figure 3. ::1:"

From the above observations, it was strongþ suspected that these

effects might be due to defects j¡ the shape of the curved crystal L.e.

'"due to .improper eLastíc bending. Hence it was decided to carry out a ;iiì

Hartmann Tesù for the curved crystal, which has not been done earl-Íe¡ for

this instrument .

E:<peri:nental procedure, i

i

For the Harbmann test it was decided to scan the aperbure of the 
i,iit:.,,.
t,:- :: :

I
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curved crystal- with the help of some particuJ-ar energJr t¡ansition line
and by subdívíding the aperture into j-5 equal parLs; so that, by shielding

the rest, only one-fifLeenth of the whole aperture might be tested at

a ti¡e.

For this pu¡pose the ó6.8 *ev lçdr(pt) transition line of IrÍdiura-

I92 was chos en w:i-th the fo J-Iou:ing considerations. Of all_ transj.tions

of Iridirm-I92, this gives the highest counting rate. As thls transi-

tion is in the x-ray region, comparativeþ thinner (and so lighter)

shielding material is needed. fn fact, j.t was found that, less than a

centi¡reter (about 0.8 cn.) in thiclsress of babbitt r¡¡ate¡iar was sufficient

to reducè the intensÍty of thís l-ine to a negligÍble arnount (about /1!OO
of tho original inb ensity)

The di¡ensions of the crystal aperture are about J.8 cn. by l¡.8 cn.

To gcan Ít, a shiel-ding plate of more than twj.ce the aperture dimensions

w:ith an opening (a¡out 1,/15 of the total- crystal aperture in area) at

its cent¡e wag used. The shielding plat e was mad.e fncn babbitt about

L cn. thick. It w¿s nade ld cn. by 10 cm. with an opening l_.3 by t.3 c¡n.

at its centre.

The babbitt plate was fixed to one end of a cylindrical_ alurcinun

rod of about 25 c¡t, in length, the other ond of which was clamped into

the hol-low cylindrical nicroscope holder of a laboratory nj_croscope

stand. This mlcroscope stand was fjxed to a vertical steel stand in
such a r^Iay that the babbitt plat.e co uld be kept parallel to the vertical
cJampi.ng block (which holds the curved. crystat) and noved ín a horizontal

aná vertical dÍrection by rnoving the two microscope screws.
' The babbitt plate was actually placed between the curved crystal

and SolLer slit syetern, parallel to and as close aÐ possible (without

interfering v:ith the necessary move¡nent of the clarnpi-ng block holdÍng

:t
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FIGIJNE 4

, .r Top (T)

Middl-e (M)

Botton (B)

15 subdivl-sions of the crystal aperture (for Hartnann Test)"

T-1 r-3 #4 v5

M-I Nt-z M-3 M-4 M-5

B-1 .B-2 B-3 B-4 B-ã
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(the curved crystal) to the convex side of the crystal. The whole arrange-

menù is shown in plate 2.

Due to the two supporting parallel and horizontal steel ribs (2 øn.

j¡ depth and 1 ¡nm. in heieht) of the clarnping block, the cryotal aperLure

was already divided into three stri.ps of about 1.5 cm. in heíght and 5.9 it:i
cn.in'Iength,vlhÍcharenamedhereasTop(T),Midd1e(M)a¡rdBotton

(B) strips. By lurning the microscope holder screw, which changes the

position of the rnicroscope in a vertical_ direction for an ord.inary 
':,.J-aboraLory experiment, the central opening of the babbitt plate couLd be lii
:

moved al-ong each strip in a horizontal dj.rection. So each strip was 
:tìì

divided j¡to five parüs for this investigat,ion uhich makes a total of

f5 parts. The parts are nâned as illust¡ated in figure 4.

It rnay be noti-ced that, the babbítt opening is, not exactly equal to 
i

!/5 ot tnu strips. in area. Heightwi.se, a fer^I nilli:net_e¡s of each eub-
iaperture is not covered for investj-gation; whi1e, lengLhwise each adja-
l

cent sub-aperture overlaps wlthin a fraction of a nillimeter. As the 
l

cïystal is cylindriealþ bent lengthwise, a l_lttle overlapping of adja- 
i

cent sub-apertures Ís useful so that no portion along the length of

the crystal rernains uninvesti-gated. The heightw:ise few milli¡eters :, ;...t,,
uncovered portion is not very important, as it is unlikely that zuch ì:ra

portions rcii-l add any further information.

For each subdivision of the curved crystal aperture, s,pectral J-ine

profil-e6, resulting from ¡eflection on both sides of the trensverse
iii¡

planes, were drav¿n. i+

. As the soJ-Íd angJ-e subtended at the sou¡ce by each subd.ivj_sj.on was

smaLler compálred to the sol-id angte subtended by the full crysbal aperüure,
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TABLE f

Data for 66.8 fev I(41 line with full crystal aperture

Source Position Source Position
T,EEI RIGHT

l[axinu¡n (peak)
rntensity 6zr9ætzoo 6212æl.200

(counte per mirÌ.)

¡\rl-1 w:idth at
haLf nraxj-mm: 36,2:!9.7 40.Þ'i0.6 i

in sec. of arc

Lj.ne positlon
in dial 108.0, IO7,9'
reading 

1.,,.,i;..,,.i.i :

. r.ì.i jii
Sourco position left or rigþt neano left or rÍght .:,.. .. ,.1

üo an observãr facing curved ofostel fro¡n the rzerót l:':il:.1;
position of the spectrometero :r::::i'::

l.:;;., ì.i
I ¡:i'Ilìi



FICURE 5.
llartmann test data for the l! subapertures of

curved crystal .

I'ar!q-tlon i" peLk fntenslW
o-fntenslty cìata obtained with source poslùion

LEFT side of an observer factng the ârystaltrzeror posltlon of the spectro¡neter;
+-fntenslty Hata obtalned with source posltlon

RIGI{T sidø of the same observer.
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the intensity was naturall-y expected to be much reduced. So, for the sake

of good statistics, counts were taken for at l-east ten ni¡tutes for each

posÍtíon of ùhe source.

Figuros Jo 6, and ?¡ show the data obtai¡ed for each subdivisÍon of

the curved crystal aperture by studyilg the spectral 1j-ne profiles re-

sultj.ng fro¡n reflection on the LefL and Right sídes (to an oì:server fac-

ing the orystal- frorn the lzeror position of the spectrometer) respectlveþ

of the transverse planes. DaÙa obtai¡ed for the fuLL crystal aperture

are gÍven in table I. Figures 5t 61 7t and table I show the following

data:

- Ma¡cimum (peak) int ensity erbrapolated (i.e. corrected for radio-

active deeay) to a particular day (3ra Novenber, L964).

- FuIl $ridth of the l-ine profiles at half rnaxi-nun, 60, tn seconds

of arc.

- Line position of the profíle in terus of the number of turns of

the diffraction spectrometer diaL from itg zero posítion.

Values for 69 (figo"" 6) for rieht side studies are, in general-,

somei.¿hat higher than the corresponding values for tefb eide studies'

For the lÍne profiles nith fulf orystal aperture, vaLues for 60 in

tabfe I are 36.20 seconds anat 40.45 seconde respeetively. These daùa

sho¡¡ that the 11ne profile s obtained by reflection on the two sldes of

the transverse planes are not exactþ n:ïrror lrage of eaoh other. This

suggeets that the j¡strurLent as a whole is, perhaps, not properþ aligne d '
Furbher, vafues of 69 for sone parLo of the crystal are nuch hígher

than that in some other par"Ls, for the sarne ej-de of the zero position'

So¡oe of the Line Profiles are eo bad in ohape, t,ha.', 6a valueo foÌ then

liì,¡',ìi
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HÁRT¡IÍANN lEiT CURI,ES.
(Ref. page 16 Te¡¡t.)

-The !.6.8_!ev.K{ Ifne pæofflea obbat¡ed þ dtffractton
fron the 15 dlff&mù subdÍ.nl.El.ons of the ãurved crystal.

lù.8. Cu¡¡¡es gho¡¡ the ehepea of 1ine proftlea onþ¡
correction has !!¡!, been made for decav of thå
ssu¡¡ce, so lntsrsfgl.es aanno,t be conúrad.

Î-lop, M''l{{ddte, B-Botton.

R-ll¡r6 p¡6¡'11e for sourec posttJ.on on the RÍiHt sl.de of ar¡observer facing the crystaL f¡ron the zero posltLon of the
Epec!¡omoter¡

L-I,lne proflle for eou¡ce posiùLon on the IìEEI sLde of anobgewer facing ùhe crystal fron the zero posltLon of the
speotroneb er .

For e4lanatlon of T-lr.....r M-l_...., eto. see flgure l¡.
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couLd not be ascertained. Such facts i¡nply that the cylindricalþ bent

crystaL does not have a uniforn curvature.

The fol.lowing facts becone apparent fron a close study of the dif-
ferent ll¡e profiles (tigure 8) obtained on reflectíon from both sÍdes

of the transverae planes for each subdivÍoion of the fuLl crystal aper"ture.

(For convenience, ll¡e profÍles for dlfferent subdívÍsions and for

l-eft or rlght síde &re nåmes as LT-l, W-2r....i LI.{-l, LM-zr....; LB-l-,

LB-2r.... ; RT-l-r. RT-2r.... ; RI"f-Ir.... ; etc. )

(f) f,i¡re positions of the profiJ.es for the top part of the crystal

(i.e. f,f and RT profiles) ere cloeer. This ís not so for the line pro-

fil-es fo¡ the ¡riddle o¡ the botton parbs of the crystal.

(Z) Sirapes of the lj¡e profiles can, irr general, be classlfied under

four heads¡ (a) Synmotrical and oharp (nerrow), (b) Syrnlnet ricaL and wLde

(broad), (c) Uns¡nunetrícal and wide (broad), (d) I11 shaped.

(e) Sy¡nmetrical and sharp:

LT-L, i,?-3, LT-4, .tM-2, LM-3, LB-2 and IA-3 tlne profiles are faillly
synraetrical. Theír 6I values vary f,rcn less than 2l- seconds to 2! seconda

of, a¡c.

AT-3, RI-4, nM-3, nts-3 and fits-4 J-ile profiles are s¡rnmetrical-, (though

l-ess s¡rumetrLcal cornpared. to theLr cou¡rter parLs on the J.efù side), and

b¡oader. Their 69'v¿luee vary from about 23.5 seaonds to 26 seconds of

arc.

(b ) Sl-nnet¡Íoa1 and wide:

LT-2, RT-l, RT-z, RM-4 and RB-l J-jne profiles are fairly s¡nmretrical

and i.¡-ide. Their 6I values vary flon 28 seconds to 32 seconds of arc.

(c) UnsvmLetrlcal and wide:

W-1, I.ì'L4, lB-1r RM-f, RM-2 and RB-2 l-ine profiles are ¡ro¡e or l-ess

unsyünetricêL and wide. Their $9 valueg vary from 28 seconds to 40.5

i.'Æ

'*-ril

j
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seconds of src.

(a) I1I shaped:

LT-5, LM-5, B-4, B-5, nf-5, RM-5 and RB-5 profi.les are iIl shaped.

LB-4 shows a slantíng straíght llno tail on its lower enerry side. T-1,
::.::

M-5 and B-5 profiles (tard n) åre verxr poor in shape, have unusualþ i:i':

broad peaks and much reduced intensities.

Fncm such facte lt appeers that, --
i,':(i) Top strÍp of the crystal. (TøI to T-4) ts comparative\y more unif,orn 

¡Ì.,

Ln ourvature than tho rest of it. (So llne profiLeÊ fo¡ these parts are ,..:
i:i'':

comparatively beite¡ in shape and cl-oser.) i':

(ii¡ T.', M-3 end B-3 regi.ons (that le, the central part of the cyJ-ìn- |

i

drical.ly bent crystal) are uniforcn i¡ curvature. 
.

l(iii) M-l íe not a good part of the crystal.

(i") T-5, M-5, and B-5, which are on one side of the crystal, are the

uorst parbs.

(") Utility of M-2, M-4, B-1, B-2r and B-4 parbs ís doubtfuL. I:afor- 
I

rnation from lefL and right side studiee for these part s aro contradictory. 
I

(vi) Shapos of the Lefb slde lfne proflles are, in generel, better, 
l+:
l: :::

conpared to their counter par'ls on the righü side. 
ir,

(Harbuann test experiment s fo¡ all the l-5 parts have been repoated. ili'

This was done to verífy the accur&cy of the data, but no not ewor"Uþ dis-

cropancy coul-d. be observed. )

For the Lefb side study, as weLl as for the right side study, (when [i
Èhe centre of curvature of the bent crystal was on the i.efb and rlght

sides of the ze¡o positS.on regpectively), the babbitt plate was placed

as parallel to and as close as. possibJ-e to the convex side of the crystal.

Care was taken to see that the babbitt pfate dld not j¡terfere u-ith the rcÉical- 
i.,.:
):

movenent (due to change j-rì souroe poaition) of the cJ-arnping block holding the i.
l
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crystalc As a resulùrfor changing over from Lef! to right s5.de sùudy,

it wag necessary to renove the babbitt plate frorn its position and ihen

replace it; otherwise, it would i¡terfere w-ith the free movement of the

clampìng bIock. The whole errangenent was a crudg one. The renoval and

repJ-acenent of ths babbltt plat e was nanualþ operated. Onþ unaided eye

could be used to judge how close and how parallel the babbitt plat e end

the clamping block are. Thus there fs every likelihood that, the r63pec-

öive subdivieione examlned on the lefb and ríght sides dLd not cover

exactly the ga.ne parLs of the crystaÌ aperture. Howevel, this has not

turned out to be any di.eadvantago. Tho gross disagreenent between the

lefb and right eide tirle profites for the parbs, rnentíoned above, lndl"-

cate that the cryotal is distor"bed sonewhere at the borders of M-1, and

M-2, M-4 and M-5, B-1 and n-2, ana B-4 and B-5. Therefore, as a nexb

step, J-lne profiles were draun for parto covering borderô of these adJa-

cent subdivisÍons for both oides (Right and Lefù). For the rnlddle parts

such proflles nerely reveal-ed that the disÙortions of M-]- and M-J regions

exbend by a few milljmetere j¡to the respective adJacent regions M-2 and

M-{; but for the botton parb s these l-ine profÍles showed some jntsresùing

features. Line profiles for parts coveriag half of B-1 and half of B-2,

and half of B-4 and half of B-J taken on the rÍght and left reopoctiveþ

are shown in figure 9. They have been named. as ABf|-|z arld LB4å-å5

respeotiveþ. Both of ùhen have poor shapes. VJhile LBþL!5 show a dis-

èorted shape, RtsIå-å2, sho¡¡ a broad and flat peak.

Iater, line profiles for B$1 and Blt (i.e. the regi.ons nearer to

the vertícal sides of the clamping block and approximateþ heLf jJl area

of B-1 and B-! regions) were d.rawn. These profiles are s¡znmetrioal in

shape, though fairþ broad and low in peak intensities.

::: i i: :::

lii.:'''.1::

l: :: :i

t ::: ::,'::; i¡
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FIGUNE 10

15 eubdivisions of the crystal- aperbure.

Crosges show the parL s deleted (with t¡ heLp of lead
bLocks) for obtaining betèor shaped line profiles.

!= ¡1,Ì --+r!

9r:-:.1:::t,:::

l.1..

T-1 I-Z r-3 T-L

\"/

\ i*' }{-2 M-3 M-4

ù(

/\ É¡z ,.F,-3 B
1,'64 X /"_, \



frtab '4
,:1

ø".

þ:Ìir.,
,å

,4

?;
|1

ri

J
:i

l

, .,.. .tll

I

I

PLATE 4A

Original Crystal .Aperture

PLATE 48
ïnproved Crystal Aperture



S
¡e

ct
ra

l 
S

pe
ct

ra
l

E
ne

rg
y 

fin
e

Ii¡
e 

j¡ 
po

si
tio

n
ke

v 
un

it 
in

 d
ia

l
tu

rn
s

É
ì

66
.8

20
r 

35
.8

20
6 

35
.o

28
3 

25
.t+

29
6 

24
.3

30
8.

5 
23

.3
3L

6.
5 

22
.7

37
5 

r9
.2

t+
r6

.6
 

r7
.2

t+
68

 
r5

.3
48

4.
6 

14
.8

A
ve

ra
ge

T
A

B
I.,

E
 I

T

€ô
üÌ

pà
itl

S
ú¡

¡n
 'o

l D
at

a 
fr

on
 G

au
¡a

 E
le

re
y 

Lí
ne

 P
¡o

fil
es

 T
ak

en

B
ef

or
e 

an
d 

A
fte

r 
th

e 
T

¡¡
pr

ov
en

en
t 

of
 th

e 
C

r:
rs

ta
l 

A
pe

rt
ur

e

D
at

a 
ta

ke
n 

ffi
th

 O
rig

in
al

C
ry

st
al

 A
pe

rt
ur

e

M
ax

i¡u
n 

F
ul

-l 
w

id
th

co
un

ts
 

at
 h

al
f

pe
r 

n-
il.

 
na

xi
m

um
(B

ac
kg

ro
rm

d 
in

 s
ec

on
ds

de
le

te
d)

 
of

 a
rc

cl
I oo

36
.2

 ! 
o.

3

1,
68

0 
J 

50
10

,6
40

 1
 1

00
33

0 
t 

25
3O

,t¡
59

 x
 7

59
27

,7
O

O
 t 

2O
O

70
,0

00
 3

 3
00

3@
 !L

o
25

0!
6

lO
,d

lo
 J

 1
66

67
0 

! 
15

. 
M

ax
i¡u

m
 c

ou
nt

in
g 

ra
te

'A
ve

ra
ge

 r
ec

lu
ct

l-o
n 

L¡
! 

F
ul

-r
 r

rid
th

 a
t 

ha
rf

 m
aJ

ci
m

ut
r

D
at

a 
ta

ke
n 

w
ith

 Im
p¡

ov
ed

C
ry

st
al

- 
A

pe
rt

ur
e

S
pe

ct
ra

l- 
l¡f

ax
jm

um
 

F
uI

l- 
i"r

"id
th

lin
e 

co
un

ts
 

at
 h

al
-f

po
si

tio
n 

pe
r 
m

in
. 

m
ax

im
um

in
 d

ia
l 

(B
ac

kg
ro

un
d 

i¡r
 s

ec
on

ds
tu

rn
s 

de
le

te
d)

 
of

 a
rc

ci
 

i{i

. 
29

-9
 ! 

o-
3

35
.8

 
r,

5o
o 

! 
30

 
19

.6
 t 

r.
2

35
.O

 
g,

go
0 

r 
80

 
L5

.4
 ! 

0.
6

25
.5

 
32

0 
! 

20
 

Lg
.L

 : 
2.

4
24

.4
 

25
,8

00
 3

1o
o 

]?
,3

 ! 
O

.3
23

.t+
 

2t
+

,1
+

5O
 ! 

LO
O

 2
O

.8
 ! 

0.
6

22
.8

 
6z

,tP
O

 t 
17

6 
2O

.2
 ! 

O
.3

r9
.4

 
30

0 
x 

20
 

18
.4

 J
 1

.2
I7

.3
 

21
0 

r 
to

 
2O

.2
 ! 

L.
8

r5
.4

 
9,

63
0 

! 
50

 
19

.0
 J

 0
.5

u+
.9

 
60

0 
x 

20
 

L9
.9

 ! 
r.

2
19

.1
 r

 1
.0

N
.B

. 
I{

ax
i.:

1r
u¡

r 
co

un
ts

 h
av

e 
be

en
 e

xt
ra

po
la

te
d.

 t
o 

a 
ze

ro
 d

ay
 (

O
ct

ob
er

 t
O

th
, 

19
64

) 
i.e

. 
ha

ve
 b

ee
n 

co
rr

ec
te

d 
fo

r 
th

e
de

ca
y 

of
 t

he
 s

ou
¡c

e.
 A

s 
a 

co
np

ar
is

on
 o

f 
x-

ra
y 

an
d 

ga
m

na
-¡

ay
 li

ne
 w

id
th

s,
 t

he
 r

^r
id

th
s 

of
 6

ó.
8 

ke
v 

l-i
ne

 h
av

e
be

en
 s

ho
¡¡

n 
i¡ 

th
is

 ta
bl

e,
 b

ut
 t

he
y 

ha
ve

 n
ot

 b
ee

n 
co

ns
id

er
ed

 f
or

 a
ve

ra
gi

ng
 p

ur
po

se
s.

25
.0

 ! 
li.

a
22

.3
 ! 

0.
6

2r
.?

 x
 3

.O
22

.O
 ! 

O
.3

23
.2

 ! 
o.

3
23

.5
 ! 

O
.3

2I
.l+

 ! 
I.8

26
.2

 ! 
3.

6
22

.9
 ! 

0.
6

26
.8

 t 
2.

1+
'2

3.
5 

! 
l.l

+

irl
i),

iì1
,

R
at

io
 o

f 
R

at
io

 o
f

m
ax

in
un

 f
uI

l 
v'

,'i
dt

hs
co

un
til

g 
at

 h
al

-f
ra

te
s 

na
xi

ln
un

ci
/c

o 
tü

i/r
to

n% 7%

'0
.8

9
o.

93
o.

95
o.

85
0.

88
0.

89
0.

85
0.

8ó
o.

g2
0.

90
0.

89

0.
78

o.
69

0.
83

0.
88

0.
90

0 
.8

6
0.

86
o.

?7
0.

83
o.

7L
0.

8r

ì:,
. 
¡i'



B$r.+iltü

_L9_

From these observations it can be concl-uded that, : ''

(t) l" tfre l-e fL side 1íne profites are bett,er Ín shape than the

right side ones, for rel-ativê int ensity r¡ieasurernent it is advisabLe to

take spectra on the l-eft side onþ.

.. ì (e) In order to obtai¡ fairþ sharp and s¡n'anotrical. l-ine profiles, l..il.
it is necessary to delete certaln parbs of the crystal.

Irnprovement of the aperture

The nexb problem v¡as to find a better aper"bure of the curved crystal 
,:.ij.L::,.,i

(by del-eùing certaÍn parts) for whích ¡lore s¡rrrnetrj.cal and sla rper (i.e. iì"'.r::''.

, .i-r:.
narrower) li-ne profiles would be obüaÍned. For this purpose, co¡nbina- i'lìì'i i:

tions of different parts of the crystal were del-eted. (with l-ead blocks)

and line profiles obtaÍned with such apertures were studied. Considera-

tÍon was given to the fact that l-oss in intensity,(due to red.uction Ín

aperture area) should be conpatible u-ith gaÍn j-n resolution. l

Afber trials it was forurd that del-etion of I-J, M-5, B-5hal-f of
I

B-d adjacent Lo B-J, M-l-¡ and B-1 parte gave reasonably better shaped 
l

(sharperanclrnorenear]-ysJmmetrica1)1ineprofi1es,withoutmuchloss

in the counting raie.
it''"'

These pa.rt s were blocked with lead pieces abouü 1à inches thick, ''..:ì;.';

which were,,sufficient to reduce (by about l/1000) the íntensities of ,tiai..:

ga¡üìa rays up to 611 keg. AbouL 37% of the uhole crystal aperture wao

deleted. Figure 1O shor^rs the j:nproved crystal aperture.

Results of i-nprovement of the curved crystal aperture can be easily 
i;..+l,r:

understood fro¡n Tables If a¡rd IlI.
l'rom TabLe II it can be observed that due to reduction in,aperture

area counting rates and widths of the line profiles have been reduced.

For the energ¡¡ ratlge of 201 kev to /a8l¡ kevraverage rednuition in ærrÈ,irg r# ås lll¡
I i1::: ':¡L: 

!¿::.
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: and thc average reduction in full ffldth at half n¿xinr¡n Le 19fi.
ì

I nuLL wLdthg at hel? Esrdaå shot wLd6 YarLatLon ( Ta¡le II).

Pertloula,rþ th6 va].lir }t 4 Ê, O.é eêo¡ of ero for 206 kev llne,

. takcn wlth !.uproved apertr¡rê, I's nr¡otr lo¡rcr than thc everage

gst¡¡er: l!¡I È I.O sec. of ¿ro. Mechenical defeoùe ln thc I'naù¡ru¡.

ncnü nay be e eausê for ¡u€h rend@ a¡¡t ¿tLonr lh¡e to ll¡lt-

I êtlon of ti¡e tùis eou]d not bc 1nÍG3ül'gaùcd fi¡rüherc

îablc III ehows peak to ralJ-cy rstlo for ùwo adJacent linc

profilcs. T}rcae èat¿ hevc bccn obtelned fren thc drarn out J.:lnc

profllee artd ere baokgrourd deLcted data. Detomlnetion of

background have bô.n oçlalned ln Chapüer IV, urder the aecüLont

rrhocedurg (&pcrlncnteL). n ¡ ts apparcnt frm thls tablc that,

duc üo S.nproved epertrrrc tto cloge gama lJ.nea a¡c nuoh bctter

reoolv€d than b€f,one. F5'gurea 11 and 12 ehor dir€oa ompêri3on

of Êone of the adJêc€nt lLn€ profiLcs dra¡n¡ rriùh orlginal ard

lrnproved apcrturr of thr o¡.¡rstal. VaLLey 1e thc loweat pofuit

of th€ cr¡¡ve betreen the adJacent pö"ka (e.go ó$ â¡d 60! kcv¡

605 ard 589 kcv and 31ó.5 and 30t1.5 kcv)c

qleesE@t

I11 aheped Drofllet.

An attopt to pnesent pteuai.ble r€atons for lrregular shapca

of He^rteann teet ll.nc profLlca 1a nadc herc.

To bcgln nlùh, 1ct the oas€ for en Ldca]. lLnc profllc bc

consLder€do (An fAe"f llnc pnofilo ts the proflle of, an xl.'raü

l

i=;i-ìì,iÈ
l.:,:;ä;l,l



FIGURES 11 , L4 and 15.

Iigure Ì7.
(nef. page 20 text)

Figure 14.

ì' :-

Fj.gure 15.

axl-num inüensity Maxinìum intensi ty

8O

å1f naxÍmum
int ensi ty

2€--*2'' Âê ---------- 29¡
Diffraction angle

F ig. 14 ( lìef . page 2l- text ) .
Diffracüion angle

(Ref" page 21 text ) Fig.15.
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I o¡r tan'rla rs¡¡ obüalnsd þ diffraotion through an lnflnitcþ thlok,
pErfcot (1.e. without ar{f lêttia€ dcfcet) a¡d r¡nstrsir¡od oryetal. )

i 
*t therE be e sct of (n + f) BiÀag plenes in a perfeoù

ard plane dlffraotlng o4fsteÌ rsltü a Bragg apaaing d. I¿t thc

engl. at rdrloh Braggre la¡r ( n \ - 2 ¿ si¡ O ) for x'ray (or

. gams rey) rcfleotfon 1s exectþ satiofled bc caalcd 0 B.

' th6n lnotdent rayE 'i¡king thlc anglc rrlüh the Bnagg planer

I ïfLL ncct 1n the ea¡ne phaee afber refleotÍon ad eo, rrlll
:

satlrfy thc co¡ditlon of conatructLvo lnte¡fc¡enoe. In figurc

13¡ rayo A¡ t)¡ .or.¡ M are euch rayo.

Aêya, wtrich arc ( n + à ) wavelcngltre (where n l. arry

l¿::!::'.Ì

intcger lnc}rdlng zcro) out of phese, trlJt aatiefy thc oorditfon

of degtruotÍw Lnterfcrence.

ldben raye qritt€d fuon a ¡or¡¡oc are studled, not eLl reys

riIl satløf! the ideal ceeee ncntlon€d above. For rayc naldng

a.nglee sltghtþ dtfferent fron 0 3 wtth the Bragg planea,

th6 caEs nay ba aa folLo¡¡gr

fn flgurc 13¡ raya B¡ .coc¡ L ¡¡ake the angLc á¡, and. !8ü¡5

C, ...., N, nåt(€ the angle 0 2 with th. Brsgg plEner

( O, ..., n. ). 01 fu al.ightþ greatcr than ard 0 z
ls sltghtþ æ¿llcr then 0 ¡. Iat ùhc angtcs g, end

Ès.t:
*ÉiÉ¡:!Þ
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92 be such that the rays Lr and Nr frcm the nth pf.rr" u" (n + l-) and

(n - 1) Ïrav€Iengühs out of phaee r.,-ith Br and. Ct, the rays frorn the surface

p1ane, respectively. Then, rnidway ín the crystal there can be some plane

ref,Iecùing a ray which is (n t |) wavelengthe out of phese uith the ray

Bt from the surface plane. These raye cancel each other. $irnl[¿¡þ,

another ray f¡om that uridway plane can interfere destructiveþ w:ith the

ray Cl frorn the surface plane. This neans that, rays from such pair of

planes throughout the crystal can cancsl one another. The net effect

ís, - rays from pla,nes in the top half of the crystal annul those fro¡n

pJ-anes in the botton haLf of ühe crystal. So irrtensity of the beams

diff¡acted at an angJ-e 2ê¡, or 2e2Is therefore, zero. Under the con-

dítion, diffractod Íntensity aÈ an angle near 20Bt but not greater than

2 ê¡, or less than 242, ls not zero. The dlffracted intenoity can have

sone value i¡r between zero and the niaxi¡¡urn intensity at ùhe diffraction

angLe 20". the curve of díffiacted intenslty versus 20wiIL thus have

the form givgn 5n figure Id in contrast to fígue 11, which illust¡ates

the hypotheticai case of diffraction occuring onþ at the exact Bragg

angle.

As a rough measur€ of the full- I^rldth aÙ haLf naxÍ¡um 69, we can

take half the dlfforence between the two exbreme angles at which the

intenslty approieches zero, or 60= È(zel - zêz) = êt- 0".

For en idealþ benù crystal, ray6 enunating fron one and the saee

pol¡t on the focal- circle wifl encou¡tef the crystal sLab so as to eatis-

fy ùhe Bragg condition at al-I points throughout its entire thiclc¡ess ñr

one and. the saûe wavelengùh. fn .order that reflections fnc¡n a number of

different atornic planes rnay eo-operaùe coherentþ, it is necessary that

rays starLing f¡o¡o a source pojnt (an enitt5ng aton), after refl-ection

on different planes, shalJ., by dÍfferent paths, eventualþ reunite at an

¡

t-.i:

fir
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. observatlon poi¡t (an absorbíng aton 1n the detectjng systen). The

i¡terference (í.e. superposition of wavelets) d.oes not in real_ity occur

irr the crystal but at the point of obsorvation.

If, due to defects (e.g. uneven curvature ) ín the clanping b1ock,

the crystal is Smproperþ bent, so ùhat radil of curvatures of various

parts (wiühjrì any subdivision) of the crystal differ r.rideþ, then the

ideal condition referred to above, i¡:il-l- not be satisfied. In auch a

case, the anon&l-ous reflected rays will have less chance to interfere

wíth each other. This wil-l cause d istortion in the shape of the l_j¡re

profiles.

Paròicul-ar1y, íf sone par¿s have nuch less curvature, that is, Íf
sone parbs are comparatively more f1at, then the picture fl-i11 be as

follows.

T¡ansverse ctystal planes (which are perpendicular to the crystal_

surface) for such parbs will be, to sone extent, paral1êl, in-stead of

converging to any po1nt. Consequentþ, rays, emitted frorL the aource on

the focal circl-e and. reflected by these crysüal planes, w.il-l have nuch

less chance for transmisslon through the baffle colI5.nator, as such rays

üriLl in general be refl-ected in heterogeneous directions. Moreover, in

such a case there wíl-l hardly be any parbicular positíon of the source

for vrhich onl-y, the Bragg relation can be satisfied. Insüead, as the

spectrometer dial ie turned, for each posltÍon of the source (r.cithin, of

course, a Li¡ited range ) there w1lL be nearly the sa.me probabiJ-ity of

the Bragg relation boing satisfied for some part of the crystal. So,

ínstead of a peak, the diffracted line proflle w:iLl show a b¡oad or flat
top end an exbended rise or decay. Conpared to wel-l shaped lLne profiles

such profiles will be broad and reduced in jntensity, because there w:iL1

not be any particular pooition of the sou¡ce for constructÍve interference

i.',i

lìiì+,:l
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of Èhe ¡ays. Reductíon in i-ntensity ul.ll also bo due to a snåller nur¡ùer

of rays being transmitted through the baffi.e colllmator. Best oxarnples

of such profÍIes are Bt$-|2, T-5 ar¡d M-5. (Figures I and 9.)

In order to achíeve an even curvature, an 'equal but oppooite torque

r¡rust be applied to the opposite sides of the crystel Lamina by the cLanping

bl-ocks. The experimontal obgervatlons show tha¿ T-5 and M-J part s are

compara,tively no¡e flat but T-1 and M-l parts are not so. This suggests

the fol-lovtring possibilitiés:

(f) fne curvature of ùhe clanping bÌocko nay not be uniJo¡m.

(e) fne crystal lamina nay not be oxactly a rectangular piece andþr

the crystal lanína night not have been mounted s¡nmetricalþ j¡síde the

clanplng blocks. (If one end of the fa¡nlna is just anchored ín the bJ-ocks,

then littLe toirque Ís Egplied to that end. The result is, nuch less cur-

vature cornpared üo the other end. Tt nay be that the c¡ystal la¡nl¡a is

litt1e rnore than anchored al, T-5t M-5, Bl-tst2 (adjacent hal-ves of B-l and

B-2) and, to eone e:<bent, filt-$J (aaJacent halves of, B-4 end B-!) edges¡

whereas, edges of the other parbo of the orystal. lanina are welt h¡ithin

the clanping bl-ocks. )

Rleht side profiles.

.' ïl hag been observed thaù right side profSles are broader fn genera3.

and l-ess s¡nnmetrical fhan the corresponding l-efö slde ones. The reason

for this ie not very cJ-ear. However, it nay be possible that, èho lnstru-

ment as a whole J-s not properþ aligned. Perhaps, on the left side

the slit source noves closer to the actual- focal- círcle, than on . ùhe

rlght side. In such a case, the geonetry of the instrument for properr

focussÍng will be less accurate on the right side, and oo, for any par-

ticular posÍtion of the source, rays en:itted by it wil-l- not be i¡cident

on the different transverse cn¡stal- pfs,nes aÈ the sa¡ne grazi¡g angLe. As

l:{ì¡

ll:.': r
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a resuft, spectral- profÍl-es r+Íl-1 be diffused or broad and uns¡rmrnet rical,
Ll¡e positlons

Llrte position of a ga.nna ray or x-ray profile ig ùaken as a mes,sure

of the exact Bragg angJ-e of,'diffraction for that ray.

For a perfectþ bent clystal- (r'¡¡ioh shouJ-¿ have onl-y one centre of i"

curvature for aLL different parts of its surÏaoe) Bragg angle for any par-

ticul¿¡ wavelengùh should- not change for diffraction Èhrough different
:

i ll.
i;;'..'

parüs of the crystal-. 
,,

For lli- shaped profíJ-es, line positions coul-d not be detemined krith 
:...
1.,::

any accuÌacy. For better shaped profiles it has been observed that, line
positions.are not very close. (Figure 7.)

Verlation j¡r l-j¡re posÍtions suggests that the whole crysüaI lamina
i

is not oriented in the shape of one right circular cyljnder. Curvature 
i

changes frorL part to part.
:

l
],d¡e w-idùhs .

Spectral profile obtai¡ed by diffractlon from a perfect crystal wÍJl i,

þàve. certain line wÍdth (¡uff wfati, at hal-f maximun). Reason for thÍs l'
has been expl-a!.nèd at the beginning of thls tDÍecussion t eection. llj:i

i.::.t.

Other factors contributing towards line. wldth arer- ¡.,'.
:a:.:

(r) ¡inite b¡eadth of the source i''':'ì'

(2) Crystaf imperfection known as nosaic stnrcture, whÍch is possessed ùo

a Lesser. or greater exbent by a].l real- crystals. This has a decided effoct
't--,-

on dÍffraction phenonena. (A crystal with ¡rosafc sùr.r¡ctu¡e does not have [ii;i

its atons amanged on a pérfectJ.y regular latùice exbendÍ4g from one l

side of the crystal to the other¡ instead, the LattÍce is broken up j-nto

a nurnber of tiny blocks, each slightly disoriented one frorn another. )

(3) Curvature of the crystal. ir¡:
J. I¡r1.. Knov¡Les, in his arbicle r0rystai. Diffractlon Spoctroscopy of 

!'
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Nuclear Ganme Rayst, nentions that, - ltPrior to bending, ån unstrained

quart z crystal- lainína has been shoun, by double crysüa1 diffraction, to

have a dÍstribution of crystal-line mosaic of only l- ùo 3 seconds of arc.

Itjhon el¿sticalþ bent, the diffraction l-ine wLdth increases fron a few

seconds Lo I3-2O seconds of arc dependJ.ng on the redius of curvature of

the crysüal.rr (Alpha, Beta and Gamma Ray Spectroscopy, Volume 1, page

22L") So the observed variations 1n line wídth, 6á (fÍgure ó) are pos-

sibLy indicatj.on of variations in curvature from part to part of the

crystaJ-.

ïntensities.

From Fígure 5, it can be observed that, maximun intensities for

different subdivisions vary. In addition to statistical variations, there

nay bo two poosible reasons for this.

(f) me to furperfection of curvature, r&ys dlff¡acted from different

subdivisions of the crystaI cannot necesgariJ-y have the same òransmissíon

probability through the baffl-e colJ-i.nator, because, variations in cur-

vature from parb to part can cause variations in the directíon of dif-

fracted rays.

(e) ff tne bafflo eysüen io not perfect, ùhat is, if the fÍfLy

baffl-e sLots are noù heÍghtwise paralle1 to each other and do not (length-

wise) converge to a point (if exUendea), then each of these slots cannot

have the sa,ne transmission probabÍlity. The babbitt plate openíng, which

subdividee the crystal aperture, necessarS.ly subdivides the baffle colli-

mator aperbure aLso. Any irregularity of the slots fal1J.ng within such

subaperLures of the baffle colljmator wi1l greatly affect transmission

of the diffracted gaû¡a rays.

Variat íon of naximun Lntensities for the eame subdivisíon, for left

and right hand study, is not difficult to fol-l-ow. It has been alroady

ir.
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FIG{JNE 17

Top

IY:
Bottom

21 subdivieions of the ofystal- aperLure for the opbical teet of the crystal-
curvature.

H€

0I-L ar-2 or-3 oT-l+ 04-5 m-6 or-7

01.{-l- ot{-2 oM-3 0M-4 0M-5 0T-6 0T-?

oB-1 0B-2 0B-3 0B-4 0B-5 oB-6 0B-7
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pointed ou¿ thèt, for left and right side studies the same subdÍvisi.ons

do not cover exactlJ¡ the same areas of the cu¡ved crystal and of the

baffle col-l-ínator aperture. (It tras actualþ been observed that, a 1a-

teral- displacenent of the babbltt opening by a mill1ueter c&n make a

change in the countilg rate by about 10 to 1l per cent. Such observations

have been mede wlth babbitt openíag covering good parbs of the crystai'. )

A detai1ed study of the transmittivity of the baffLe colli-nator,

though intended, could not be carried out, ao it was not desirable to

remove the curved crystal frotr íte present position.

At the beginnlng of the Ha¡tmarm test experinent s, an attempt hras

rnade to find out t-he best trans¡¡rittivity position of the befff,e collj¡na-

tor with fuJ.l crysòal aperture. This was done by turnång the screw which

moves the dolllnator aperture (nearer.to the curved cilystal) laterally.

For gettlng readilgs, a graduated circul¿r dÍsc was fitted to this screw

head. The.gource waa placed at the ura+imun intensity position of the ó6.8

kev 1ine. Thè intensity versue colli:nator position (in ter¡rs of ninub es

of arc) curve is ghoun in figure 16. This curve shows thê,t transnitÈi-

vity of the baffle systen decreasee more graduâIly on the left side

(facíng cofLj¡ator aperture fro¡n the source position) of the ma#-num

transnittivíty positÍon than on the right side.

The baffle col-lj¡nator was placed at Èhe rnaxj¡un intenaity position

according io this curve for aLf experjrental invesüigations rgported i¡

this thesis.

Opt ica.I test.

An attempt has been nåde to exaraine the curvature of different parÈs

of the crysta1 opÈically. For this optical test the sàrips T, M. and-B

ln¡ere dittided l¡to seven nearþ equal parùs, (figure 1?), so that the bor-

der rogions of the adjacenÈ subdivisÍons of the Hartnar¡r test could be

!=:!i'ìe.ê
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exanined. These parts have been ndmed as OT-L, ...., OT-f ; 0lvL1, ....¡
OM-/ an¿ OB-1, ...., 0B-7. The source caníage was turned to the exbreme

left sido. A table. was plaoed on itg four legs above the Lowe¡ car:rlage

and track of the diffractlon spectrorneter. The top of the table selved as

a ho¡izontal platforn of the proper height. An ilLuninated sLit Ì¡as the

obJect for the curved cryetêl which functioned here as a cylindrical nlr-
ror. The slit was placed on the tabl-e top near the tract T (figure 1 and

2) at such a position that the i.nage was forned light behind it, A

rricroscope, with its eyepiece onþ, (objectJ.ve removed), was placed behind

the slÍù for observing the image. The eyepiece was moved forward or

backward for focussjng the !-mage by hand onþ, as èhere was no precJ-síon

arrangenent availabLe to ¡nove it 1n this direction. The òbJect elit and

the eyepfece were placed as close as possible, so as to get the ir¡ege

neerer to the céntres of curvature of the crysüa1 parbs. Distance betwoen

èhe two (at the rzerdr position of the eyepiece) was about 25 cn. Al-1

thege measureurents had to be èaken with an ord3-nary ¡neter scale. The

optical errangement is shown in ffgure 18.

For eaoh of the eeven subaperlures in each strip (TrM, & B) read-

jrrgs were taken for the Lat eral position and for the focal distance of

the sLiù i¡¡age. The focal distance is the distance by whÍch eyepiece was

moved forl¡ard o¡ backward to focus the i.mage. Thege distances have been

neasured from an arbÍtrar:y posítion of the eyepiece. The lateral positlons

algo have been neasured fro¡n an arbitrary zero.

A vcide variatj.on was observed in the lateral positione and focal dis-

tances. Variations of focal distances and lateral- positions (of the slit
inage ) with crystal subapertures are shown i-n figures 19 and 20.

In these flgures, lateral- posÍtions are given Ín nilLi¡eter and focal-

distancee are given i¡ centi¡neter. I¿teral positions of the ìrnages were

i,.ì
i,.,

i.

:

i.i ì:i, :--

j':::-1r.il,

i¡jili:ii':,;
ilì¡';!',iii+



FIGURE 19. Harb¡nann Test Dat¿.
FocaL dietencea of tho (optical) lmagee obtaingd by reflectlon

fron 2I dlffeient parte of the curved cr?stêl aporburos.

Iuragea for dl-ór OT-7r Ol.t-6, 01,1-7, 0B-2, 0Èó s¡rd OB-? could not be

øbzoH
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Dletar¡co by whlch the oye pfece was removed- from a flxed poaltlon to focus Lmage.

\

BOTTOU

focuEoed wlthln the J.lmlted. renge
of u¡eesurement, eo ùheir focal
-dþtênces have not beern ghov¡n .

.(.ftcal atetancea are relatlve. ) 1.,:r.:;. ''
i.,:. ;.: .:
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FlßUn¡l 20. HaÉm¡inn Te¡t Datâ.
Leter¿I posltlona of thc (optlcal) 1¡naeea obtalnEd þ reflcctlon

fron 2l dlfferent parta of the cun¡€d cryatat aperture.
o snd + lndlcete the Lateral poaltlona of the two dlfferent lmagos

Inages for 0T-ó¡ 0T-7, OU-6, 01.{-7,
OB-2, 0B-ó and OE-/ could not be
focuaEed wlthln the ltnlted reng€ of
meagurenent, so thelr lateral ¡:oel-
tlons have not been shown.

(t ateral poeltÅons ere relatlve. )

I

li.:t.:-..r1.:

...:,.::::
I::, ,:::j..a'

.: a :

I r'::",r'. ,

({

\\.

oB-1iffi l. m. 3m.
Letoral posltLone of the lnag€ s fron an arbltrery zeio.
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neasured w:ith the help of the scale and vernier arrangenent attached to

thè microscope stand for l-ateral displacenent measurenents. So these nea-

surements are quite accurate. Focel distanceg ¡Iere neasured with an o¡-

dinary scale Judgilg with the naked eye. Therefore, these val-ues ns,y have

a,n error of t 2 or 3 ¡nm.

Due to refl-eotj.on from each subaperture, tloo Ímages of the slit aþ

peared. Their lateral posiàions are indicated by o and f, in figure 20.

The reason for these double irnages ie not cloar. They røy be due ùo re-

fLection from the front and back surfaces of the bent cryotaÌ. This could

have been ascortained by changilg the ¡effectivity of the back surface

with the help of water or grease. This was not donq because in do ing so

there was a possibility of scratching the crystal surfaco due to any dust

being rubbed against it.

It was noù always possible to focus both of, these l&a,ges at one and

the same distance. Their focal disÙances varÍed within about 3 nn. As

the difference in their focal distances was lrithín the error li¡nit of

measurement, focat distances of the òwo lmages have noù been shown sepa-

rateþ.

Irnages due to refleotion fro¡n gone subapertureo could not be focussed

ruithin the Li¡nited range of the table Ùop. (Thia renge was aboui 40 cm.

behi¡d the object sJ-it.) So, no measurenent of their focal distances was

possible. Accurate det ermÍnat ion of their LateraJ. posit ions was aLso not

possibler as these Ínages were out of focus.- So, their focaL distances

and lateral positi.ons ha,ve not been sholm in figures 19 and 20.

Measurement of such focal distances couLd have been done by naking

a longer platforn (i.e. table top) ùo asconodate the nicroscope stand at

any requÍred distsr¡ce frorn its arbitrary position and by novÍng the ¡¡:ic¡o-

scope otand foroward or backward with much care so as not to affect tho

iii::..-.:l if i:
i.:i¡:;..t::lì:
I i:.1 r'

t:l
i,
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1 nreasurenent of lateral posit ions of the images. However, s,s tiÌne r,¡as

, llnited, it has not been possible to do so. Due to the sane reason

enough data for any positive infe¡ence abouù the curvature of the crystal

couLd noù be obtained.
i i:':l.i,.So¡nere1atÍoncanbeobservedbetweentheoptica1testreBu].t9and

the garma ray diffraction results.

Optical ilneges for 0T-6, OT-?, 0M-6, 0ì.{.-7, OB-2, 0B-6, and oB-f
''......'.'f pttÈg could not be focussed. even at a dietance of, 40 cn. behind the obJect rl,r;,:..

slit. ( tmages for other parts were faírþ focussed withj¡ a dlstance of 
l:¡:r1..::,

about 30 c¡n. behj¡d the object s1it.) 
i':::::::

Díffraction curvea (figures I a¡¡d 9) show that T-!, M-5, B-5, BIà-à2

. and B4å-å5 subAfvlsions have nuch less cu?vatures compared to other parLs. 
i

T-5 and M-5 covor naJor portions of OT.ó and OT-f, and 014..6 and OlvL? l

respectÍvely. This rneans, for these pa.rts, diffraction resulte are sup- 
;

ported by optical test results. i

0B-2 part fs so&e¡^¡he¡e in the region B1à:å2. Irnage for OB-2 coufd I

1,
not be f,ocussed rdthin the 1Ímit ed range. This suppor{s the,diffraction l

reoult for Bl-à-å2 (f.e. this part io comparativeþ nore fJ.at. ) r_,:,,,,..:.r

Focel" distances of images for 0B-6 an! OB-f are beyond. range. Díf- 
i...,:,..,:,,

frection curve for B-5å (the half portj.on of B-! nearer to the clarnping r'ìi':.':r:

blook side) is s¡rnrnetrj.cal, though broad and nuch less in peak intensity.

(The $ridth fs 33 seconds of arc and peak counts a¡'e abôut 500 per mlnute.) 
r

i:'i:., ' 
"r'

DiffracÈion resulü for B4þ!l sirow that this part has reJ-ativeþ Less an¿ FLiF,.':;iè

u¡¡even curvature. So, sonewhere i¡ between B-4 and B-5, the crystal ís

lmproperly bont.

Optica]- ùtage for 0B-1 part could be focusged. Diffraction curve

elf (tire half portion of B-l- neare¡ to the clamping b3-ock) ís quite 
i:.::.:'1.,:.

oyronetr1cal. the width íe 30¡46 second.s of arc and. the peak cou¡t is I . ,
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about JrO00 per rninute. So, optical test and diff¡ection result show

thet Bà1 part has a proper curvature.

Optical Smages for other parts of the crystal couLd be focussed hrith-

ln about 4 cm. Díffraction curves for such parL s are better in shape.

Veri.ations j¡¡ focal distances and l_ateral positj_ons of the optícal

i¡ages (figure l-9 and 20) indicate that oentres of cu¡vaiure of different

parbs of the crystal are dist¡ibuted ín the directions of X arid Y axes of

a. horizonùaI pì-ane. No significant variation i¡r the verLÍcal (Z axis)

direction has been observed.
i'::.: .:. .: .

l)', É;tìl
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CHAHIER ]V

AEIÂTIVE ïNIIINSITY ¡{EÂSURIIIIENT oF IRTDIUM - f92 GAil}.{A RATS
ii.:t:1ìr':

fnt4oduction. ,',;i,i','t.

The (n, /) reaction in I¡idiun ¿J 191 gives ¡ise to triple isonersg

o¡ J"i¿i1¡n - 1!2: A long lived (få) 5 years) isomer Iridium - t91_le-

caying by a 161- kev isomeric transition ío Lhe 71t,3 day ground sia:oe, I.l+5 iJ.,'ì';-'::
minute ÍsoÍier frídium - I9\f;ecaying nainly by a 58 kev isoneric transi-

tion to the 7l+,3 day ground state and Tl+,3 d,ay isomer Iridium - Ig2 E, i"jr'ì'i;j

Ihe 7L+.3 day Ir-l_t2 g decays by beta emission (g5.6%) to p! - l_92

and by orbital el-ectron capture (Ìr.ln%) Lo Os - l-92f0.

The resulting g¿ìrnma rêys fncm the excited states of Pb - 192 and i

Os - 192 have been êxbensively utroi"d fG19. In this study, cwved
, 10. :I2. r7. LL.crysta¿ spectroscop;- - ' l'2t I3t 14 ha," pLy"r a rnaJor role al-ong with. i

'1 L
i¡ternal- conversíon a)¡ f,õ and exbernal- (photoelectric) conversionlo ta7 ,20 

.

spectroscopies. I

Recently (fg¿¡) s. Lindst¡oen and f . I,lark1urrdlo hrr." re,.d.etermined ,,,,, .,
ganma energies of Ir - 192 relative to the well lmor,m K 4J- x-ray line l,:,.r:

- + ',','of Tungsten (208.573 : 0.004 X-units) wjluh a 2 meter curved quartz crystal r'.;,1,:,,1

(thiclcress l-.5 n¡¡n. ) transrnission spectrorneter of the Dul4ond type¡ l,"ith

a fixed source and. a movabl-e crystal- and detecto¡ and also b¡r a double
';. :. ::focussing beta spectronreter ubing photo-conversíon method. 
,[.1¡.=.ij$

Thorrghenergiesofgarrunaraysresulti:rgfrornthedecayofrr-].92

are wel-I establ-ished thncugh the r^ro¡ks of ùifferent research vrorkersrlorlf
Izt !+-I7 t there appear to be some dieagreements over their relative l

intensities. This can be obse¡ved. from tabLe IV, which shor4,s the values .i:r
'l':'':11: '1..
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of relative i¡rùeneitÍes quotod by different regearche¡s in ùhis field.

Fron table W, it nay be not ed that, while the reletive íntensities

for linee cloge to \he 316.5 kev line, with respect to uhÍch alJ- rel_ative

intensitÍes are normalized, are Í-n good agreement, values for nany other 
iì.:r:,r.''.,,,
.,.',i 'lines are not. There are so¡ne out stan¿ing confl_icts between values

quoted by different r.ro rkeïs, even fol-Lowing. the same nethod of deter¡nina-

tLon (i.e. either the cryetal diffraction nethod, or the photo-convergÍon 
.::i.:..,: ,,

nethod ) . 
'.,:.,ltrti

For exanple, whíl-e data for the 136, 2OJ- and 206 kev Lines in colunn ,,É,::r:

4 are about twíce the respective data in colur¡¡r 2 ar¡d 5j for h6B, l+81+.6r' 
ir:rr:":'i::

589, 605 and 6l-2 kevrs, data Ín coLr¡r¡n 5 aie 2 ti:nes, f| tirnes, óJ times,

10 tj¡res ånd l-? tines greater than tho respective vel-ues fn Colunur d. i'
Sl¡ilar disagreenent car¡ be observed Íf l¡e conpare "tlurr, 6 *itt 

f

col-unn 5.. For 136 kev lino, data in coturu¡ ó ie about 19 tjrr; greaùer 
l
j

than the data j¡ dotunn 5, for 201 and. 28J kov 1ines, data in colunn ó 
I

is twice the daùa in colr¡¡¡n 5¡ while for 375 kev garme energy 1ino, the i

data in colunn ! Ís about three ti¡es greater than the datê in coJ-urn óo i

On tho whole, the¡e Ls litü1e agreenent betneen the vaLueo irr di-f- ;:':,,.r,.r-,;
it.'¡.l''l.t:l

ferent colunns. Colunn ? shows fair agreement w-ith col-r¡nn 2 and 8, buü í.¡:t,¡a
::::':::: |.:::'

does not give values for low energ¡ or low i¡rt ensity lj-nes. Í:':::: ::.:

The above digcussion, shows thaù, the¡e is scope for nuch work Ín

thisaspectofthedecayofIr-1p2,andsoitwasdecidedto¡nakean

att enpt to remeasure ùhe reLatlve ga,rruna råy intoneities for thle ieotope. iÊ¡i:i,iì.i$

The source.

For dotern-ining relative intensities, a strong source (about 12

curíes) of Ir - 192 was used. Thj.6 wee obtai¡ed by irradiating an irri-
diun strlp 1.4 inches in length, 0.013 inches j¡r breadth and 0.002 jnches 

,-j¡,i1;::-.'.
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Ln thLokneas Ln a flux of 2 x lol4 neutro¡¡s p"" *.2 * 

""n.
@.

For each ectting of th6 @urv6d eryotal speotrmeter, int€nslty of

ùhc refleated bcse na€ nosor¡¡€d by dleter:nintng the nu¡ber of cor¡nts re-
gLstered by thc ecal.ar per ninute, lttnlnun oounting petdod ïss fiv€

mlnutcE. the countlng perS.ode rrerc long (ten ninuüca to an how) ln
the regfone of the êpêaürun w?rerc the oountlng ratc wae loï. the oor¡nù-

lng pertods rúer6 6horü (up to tcn nlnuteo) J.n thc negl,ona rhere hlgh

oounting ratee gane sufflolentþ good etatLaüioc¡

Baokgrourd for ceoh sp€ctrun Íag dete¡minod ln ths foLLo¡rlng naü¡

Thc speoùrøeter as eet to the lowcr or hfgher enorgr e¡rd of thc

epectral line p,roflle. lhe poef.tLon of thc spccürøcùer wag suob ùhat,

a fracùio¡al d1êL turn oouLd nekc Juat a perccpùlbh ahar¡ge tn th6

countlng ¡etc above the lowegt counting rate.

Keeplng ühe apectrøeter at thls poaition, ttre pul.ae height

gcleotor voltage (Vrrr) fcvct of the elngte channsl anal¡rscr nae

chenged by a atap of Oç25 or O.5 volts (arn tnc gatc r*ldth aooordtngþ)

¡rlthln the 1ln{!sd range for thc partioutar Jinc proff.Ie. Countlng

rEtc r¡ag noted for each scùting of the slngle ohênnel anaþser. Thcse

scttinga wera later ohang€d Lnto cqulrral.ent dlal tr¡¡ns. (Whlle taktng

cot¡¡ts for a llne prof1lo, VFHS d gato nldth was varL€d eccordLr¡g to

ùhe nunbcr of dial turns, so that thc pulse h€tght EeLeotor gato oould

adnlt, only the pulses çhLoh had the såmc eners/ aa ùhe ganne rays reflect*

etl by the curved crystal ecoordl.ng to the Bregg rcl¿tlon. B¡r reverelng

the proceea of, oalculåtion, equl,valent nr¡nbcr of dlal turnE for VO'U

ïüåË obt¿Lned. ) Sq tor each of such equl.valcnt nunber of, dlsl turns,

i;i:::a.,t:
i.:!r:,:r

t.''ì

i:rrì'::i:

l. -.a
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two eeparate counting lates raor€ obtalned¡ one, rvlth the epectroneùer on

thc le¡er cnergr sLd6, a¡¡d thc otherr Ïrith the spectronotor on th6

highcr ene¡rry glde. Mean of the¡e ùno oountdng rêtce uere plottcd

agalnet thc dfal turna on the line profLle graph6 By Jolntng ùheec

polnta, üh6 baokgrotud lcv6L rsas dcternined for thc partioulsr lLn6 ,.t,'.i

proflJ-cr

Aftcr talttng thc precautlons de¡cribrd ear3.lcr, in ohapùcr II,
background counto êr? nain\r duc to rme ga@e rs.ya of nearer 6nerg¡, tl,r'i.;l

rùLch suooced in pessíng through tho qra,ntz cryrtat ard ba,ffle eyeten 
i:"ì:':::

l, :., ...:

rdthout being diffracted or abso,rbcd¡ So by cbar¡gtng thc ålacrimlnator ::.. 'l

blas level, ard keeplng thc apectroneter on lotrer or hlgher energr erd

of ühe photopeal¡ ¿e described, e actnt!.Ilaülon ¡pectrr¡n of the baolt-

grourd due to theEc u¡diff¡acted an u¡¿bgorbcd gan¡[a rsys Lg obt¿inedo

AIf theee eounte rrere cxtrapolatsd (l.e¡ con¡scted for redioaotLve I

:

decay) to e uero day ( October fO, 1964) countc ag Lf the eor¡nte for th6 
i

wholc apectrrrn werc teken on that day. For this tho half llfe of lr - 192

wss ùakcn er ?4.3 day.. As thle is çite a long half JJ.fo¡ oorreetion l

for. deeay to tùre hour waË not consl.dercd¡ 
: ,,.,r,
!. ì-,:r: :

Sp€otùa of Ir - I92 fron ó13 kcv to 13ó kev llnce we¡s obtalned o¡ :i,t,,i
ref,lecù1on fr@ one part5.cular state (left sldc to a,n observer fêclng i:;';¡:':'

cryetal fron Ízsrorr poeltion) of th€ trênEverse cryetal planes ae thfa

side llnc profiles ìdcrG nors B¡rmeùr5.aal cæpered to the other slde Llae pro-

r='-: -, i.].-:lr'-,'::r'
l.i;iiir.,



TA3I,E V

liTi¡r:.:t :!

1., .i'.

l::.:.:::.::

I

ll'.r .1, ,

Va¡iation i¡
planimeter
readinss
for a
standard
&-
10.000 unit
squares
( so. nn. )
of a ¡netrlc
qraph paper.

t55.o
154.0
r54,0
r55.2
t53.O
L5l+¿Ð
t54'.o
t55.O
r53.5
l-5lt,2

Aver¿se: -. -L)4.4)

20ó kev
line profile
(background
deleted)

L72.5
1173,5
t+73.6
l+7h,5
l+?6.5

Avereæ:474.1-

709.O
710.0
708.0
7o8.6
709.2
709 "9:

308.5 kcv 3f6.5 kev
line profile line proflle
(background (background
deleted) deleted)

588.0
586.o
,H6.'
586,o

All gamna ray pnofiJ.es were drav¡n on rnetric graph
paper. The horÍzontal ecale (representlng the
dial reading) was the sa¡ne for aIt profilãs.
The vertical scaLe had ùo be changed f¡om profil_e
to profile.

Therefore, to detêmine the relative area, the
planlnetor reading has to be nuJ-tiplied by the
respectíve vertical- scaLe unj_t. For 2Q6, 308,.5
and 316.5 kev l-ine profil-ês, the vertical sa¿Ie
unj-tê are 20 counts, 50 counts and l-00 count s
per rninut e respectively. Taking the photopeak
area for 316"5 kev 1j¡e as lrOOO, the photópeak
area for 206 and 308.5 kev l-i¡es are:
2O x À74.1 x 1.000 _ 11. 4
1@x ?99" 0 - L))' t

and 5O x 586.8 x 1.000- 1Oõ;lõ9F:- = 413.7' respectively.

i,,;
t.-,

Planimet er Readings for
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files. (This tras been discusged in chapter III.) This symnetrical

nature of tho l-ine profiJ-es hae.nìade it poseible to deternlne the exact

shape of the curves for eech 1ine, in ceges of overLappilg profiles.

(r'tgure 111. )

A¡ea6 of the dÍfferent line profilos (afber deleting the respective

backgrbunds ) were measured wiùh the.help of a planÍmeter. For each

profile, several rneasurernente were taken by changlng the posítÍon of the

pìanimeter centre needl-e, ao as to see if there is åny error due to the

sJ.Ípping of the planimeter dial-. Average of the readingo, which agree

welI, was taken as the representative of the l¡divfdual arees. (Sanples

of sorne planirnoter data have been dispJayed in tabte V) Values of all-

these a¡eas were norrnal-lzed wiÈh respect to the areê of the 31ó.5 kev

line profile taken as 1r00O. Determi¡atíon of the areas of certain l-i¡re

p¡ofLles close jr¡ enerry (o.g. 589, 605, ancl 613 kev, and. 468 and 485 tev

lines) posed some difficulty due to overlapping. This was solved fron

Èhe oyrmetry nature of the curves, as shown in figure 11.

Procedu¡e (analybical).

In caloulating relatÍve garruna ray lntensities by ühe cryetal dif-

fracùion nethod, the following effects need. to be consid.ered: (i) ttre

efficiency of the scinti] 'la f,f6¡ spectrometer used. as a detector of the

gamra radiation, (ii) self absorptÍon in the source, and the (iii) re-

flecÈion efficlency of the curved cryotal.

(t) ScintillatÍonefficiency

The total detection efficienty of a s ci¡t il-Lat ion spectroneter ig a

producL of two factors¡ the detection efficÍency of the s cint illat jng

crystal rer and the photopeak effÍciency or photo-fraction Fp = Wp/Nt,

whero Np is the nr:¡rber of count s per second in the ful-I energr photopeak

(i.e. the erea of the line profiles), and Nt is the total nurrber of counts

i::::'.:iili:i

l::: ì-¡,

i;,..,:.'
i:Ì:':t:".



TABI,E VI

(Taken from the book
tTheory and Practice of Sci¡t illat j.on Counting t

by .I. B. Birks, Pergarnon Press, 1!6d.)

Values of parameters of the enpirical fornuìl-a for the
þhotãfraction, Fp =.4 -'n.orp. 

(-C. ,ñ-.r) 
,

d is the thÍolccess and r is the radius of the I

scintillatÍrrg crystal.

Gaûna
ray energy Values of Pararnete¡s

!in Mev

EABc(ft,-])r
0"279 o.g'.t3 0.514 0.658

o,66t 0.940 0"841 O.2rg , 
;,i,.

1.170 0.980 0.934 O.LZ+ ':'...

I.33o o,9s5 o.g42 o.2l-o iti

i'.:,
i:ì'

l,È,'

lÉ=¡



FTGURE 21 .

Photopeak effÍciency (i.e, photo-
fraction Fn) of tìne 4t inches by ! inch
scintill-ating crysüal (NaI(Tl )) as a
function of energy.

Detection efficiencyn e of the I inch
üìrick scintillating crys bal (NaI(Tt ))
as a function of energy.

otopeak efficiency, Fn curve
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¡IGUNF] 22,

Self-absorption correction (a.-+ ) for the
To'

source b-I92 as a function of energy.

(T is the intensity after sel-f absorption
and Io is the intensity without a.bsorption. )
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per second (corrected for background) over the vi¡ole scintil-lation spectnrn,

each of which is a cornplicated fì¡ncti.on of energr. These functions have

been computed for various crysùal sizes. However, the crystaJ. used here

being of an unusual size (ått by 4È,), values for these functions could noù

be f,ound fron the l-l-terature. They were obtained in the fo1lou:ing wey.

For e col-limated beam of gannu rays, i-ncident nornial-þ (which is the

case 1n our experi:nental arrqng€nent ) on a scintillaÈor of a thiclcress d

end radlus r, Fp can be obtained frorn the enpirical- fonnuleå

Fp-A*Be:q: (-C.,/ãì)

for energiee in ùhe range ftom O.2l) to 1.33 Mev, where A, B, and C

aro enÊrg¡ depsndent païameters having the values l-isted in the tabfe VI.

This empirical formula and table VI havê been obt¿ined frorn the book -
ItThoory and Practice of Scintill¿tÍon count,ing by J. B. Birks, Perganon

Press (1964).

A graph (fÍgure 21) E versus Fp was drawn by calculating the values

of Fp corresponding to the four different energies as given i¡r table VI.

Values óf Fp for dlfferent gamma energies v¡ere read. frorì-the gra ph, Values

for 2061 2Ol and 13ó kevrs could not be.obùaíned correctþ es the above

reLation le not valid for these energies.

Detection efficiency e Ì¿es detèrrnl¡ed from the follou:ing welJ. lcown

fomulas

e=1-exp(;¡d)

where ¡ ís the total- absorption coefficient which is energJ¡ dep€ndent.

Values for¡ were obtained fro¡n Mott and. Suttons t work25. The valìre of

e as a function of E (enerry) ís shoun in figure 2$.,

(ii) 5e1{ absorptj.on of tho source

For self aboorption, consideration was taken as folJ.ows ¡

The atomic nurnber of lnidlum ia 77, øo the source ¡nat eri¿l- is quite
i:-a:i-'::-,:;l

l,:j ir;::
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absorbing for gaffna and x-rays. The Ir source is contalned in a very ùh5n

(-(f nn. ín ùhickness) el-u¡rinum fo1l. The scÍntil-lation crystal (rvhÍch

detects the ganna rays ) is al-so contained in a thin alurninun casÍng (less

than.a nÍllÍ¡neter in thickness). As the atomlc nurnber of alumi¡¡um is
IJ, absorption due to 1t ie negligible compared to the source itsej-f.

Let us assume that ¿ho sourco is a parallelepiped with gaÍma rays

conlng out in one directJ-on through the ftont surface. As the source it-
seLf has f,inite depth, ganna rays coning fron the mat€rial at the back nust

pass through the source naterlal in front and uould be absorbed. Inten-

sity of these gamma rays will be red.uced.. This reductlon in inùensity

depends on the garuna energ¡. ff dI is the intenoity of.gan:ma ¡ays from

an el-enent dx at a dístance x fron the front surface, then dI - k. dx.

e..rç (- ux), where k is the intensíty per untt depth of. the source, u is
the Linear absorpbíon coefficient of the source and x ranges fron O to b,

wher€ b Ío the depth of the source naterial. For ihe ¡r esent source the

value of þ is 0.013 j¡rches.

If there Ís no absorption at al-l, then

b. 
fo -kb 

b
Therefore, 1 =J t.eru ( -u*)¿x = (Io/u) f "rç 

( -r*)¿*.o ,o

= (Ioþu) (r - exp (-¡u) )

orr --L = (rrzUu) (1 - ercp (-bu) )
fo

This fo¡nu1a can be wrlten as foLlows:_! = (t¡A ç.*,, ) (f - "*p 
(-bft .trk)

Io
where (i.s the density of the absorbing naterial. Vafues for u or u/g could

not be found for irridiu¡n. However, for plat,inurn (vrntcn is very close in

atonic nurnber and densíty to i¡ridÍun) values for u/ç are given in Kai

gÍegbahn I s alpha, beta and ga-runa ray spectroscopy, Volume I (1965). Using

these valuoe, a g¡eph E versus I/Io was drawn (flgure 22). Values for

different gamna lines were taken fron this graph.

l,1l
f:ij'

'l'á

lã*

i.ii
i.ii
i:i:
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(itå) Crystal- Reflectivity

The reflectÍon propertios of elastícalþ bent transuissíon quarb z

crystals (3lO ptano) have been studÍed by soveraÌ workers. Bergvall26

has given the €quåtion for refLection coefficient R as, R = qe¡s¿. 9-1'99

É' 0'05 and Edr+ard et ar22 løu" gíven the relatíon R = const. E-r,-ggltÐ 'a22 '
These two equations are ín close agreement and shot^r that the value of the

e:çonent is nearþ -2. For the present calcuJ-atíon, as e first approxi-

natLon, the value of the e:çonent has been taken as -2. (RefLectlon co-

effLcient of the preoent crysta1 has been determj¡ed.and the value of

the e:<poner¡t has besn found to be -1.95. Thls h¡i].I be discussed later.)

Lind et 
"129 

h".r" studied the reflection coefficlent fo¡ the (3lO)

pS.anes of quart z as a functlon of wavelength for curved quart z plates over

the Jarge range fron 700 x-units to I ¡¡-u1l¿s and have found that tho

refLection coeffícient is proportÍonal to the square of the wavelengùh

1.e. R - "or,"t. h2. On tt¡e contrary, thejr tests for unstressed querû¿

plates show òhat the ¡eflection coeffÍeíent falls off r*lth di:niaishing

wavelength, À , even less rapidly than the first power of À, (roughþ as
1

lã U fact). These regults are i¡rte¡esting from the point of víevr of

purel-y enpi.rical- facts. Ás renarked by them, their theoretÍca1 inter-

pretation is less clearr,$however, since no rtdynamical Èheorytr of x-ray
,..f

refl-ecùion irr elastically curved. crystals has yet beon worked out either

fo¡ the mosaíc or perfect crysùa1 cases.

Anelvsed data.

Val-ues of the absorption correction a = I/Io, detectíon êfficiency

of the scintillating crystal e, photopeak efficiency of the sci¡tlllatirrg

crystal (i.e. photofraction) Fp, reflectj-on coefficienù n = (316.5)2. n-2,

uncorrected intensity, I,, (i.e. photopeak area Ap) nornaLized w:ith respoct,

to thaù ot 3L6"5 kev líne taken.es IrOOO.OO and qorlected nor¡ralized inùen-
i,,:r

iìl::
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e!"ty I"r whcrc Io - Iu/a.e. Fp.R, oorrcspotdlr¡g to the differenü går¡ta 6nêri

gles,E, are g5.ven 1n table VJI.

As rsl.atfvg Lntcnsitt e¡ ¿rc nornallzcd with respcot to the g16¡5 kcv

Ilnc lntenefty, the oonetant for refleofi.on coef*Lcient R Ls oancell€d

ouù 1n seloulåtfona. 5o ühl.s constant hag been taken ee (3]¡6,'j)2 to,
convcr¡icnc e of caLcul¿üLons.

Dlseusalon.

In the prcecnt wonk erro¡ra in deternlnatLoa of rcl¿üiye photopcak

areae (i.c. r¡neorrcotod no¡øåliøed lnten¡itles Iu) hevo besn found to bo

<U. thcge sr¡ora have been quoted ln têb1€ trIIfr Errora duc to

othsr faetors, for whloh relienoe have bcen ¡gds on oühe¡rst work, couJd

noù bo eatl¡pùed. So no attenpù ha¡ becn uade to quote €rror6 for thc.
prerênt rel¡tlvc lntenslty valu€s. (Llndeùrocn a¡d Ma¡k1u¡r¡tlo heve

reporùed an ov€r ¿11 crror of ó to 9f in dEtemin¿tlon of rel¿ülve

ÍntengLtl.os þ ourvod cryetal diffraction esthoat due to dLffercnt

factors. Thclr crror Ln dete¡ulnstion of photopêak er€aE for ell l¡neg

!.g J.ess tfran dlo¡) The relative Lntensitles êrc givên in tabl€ fV,

colunn 1, along rvlth the velueo of, sLL êerlier deteminatlong for
eøpat{,son.

Frø table IV ft is apparent ùhat deteml.natlon of rel¿tive iirtene

sitisa fsr 28) t 375t or l*1616 kev llnes þ aurved cryctal dlffractlon
r¡sfhod hes not bacn reported eerlier. Reason for thÍs is not, oJearþ

r¡nderetood. A poeslble rEaEon nay bc urat the ¡ou¡oee uced by c¿rller
rorkera wene not aa strong es the prcgent one. Ll¡detroem and lferklu¡dlO

u6ed a aout ce sf 1.2 ouriee ln strangth a¡d Srrnbacv4 uaed ¿ aourcc of I
ouric 1n strcngth. (Strqrgth of ùhe sot¡¡oe uEêd b¡r MulLer eù aIlI ig not

knonn. ) EVen thcn, ùhe relåü1vo intensltles ot tjhe 375 end l+Ióo6 kcv

llneg does not appear to be too rree¡( to eaoape noüJ.ee.

!\lther, for theae thrcc llnoa, veluce reporlcd Èf photo oonvcrElon

il.:.l

:1''.r: -: r':)'
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l,r':'

l



T
A

B
I,E

 T
V

3e
l-a

tiv
e 

In
te

ns
iti

es
 o

f 
Ïr

/id
iri

n 
- 

J-
t2

 g
a.

nn
a 

ra
ys

as
 r

ep
or

te
d 

by
 d

Ìff
er

en
t 

re
se

ar
ch

 r
ro

rk
er

s.

B
y 

P
ho

to
-.

C
on

ve
rs

io
n 

M
et

ho
d

an
d 

.-
 

et
 a

:'¿
v 

an
d.

r,
l"i

rn
l7

 
LÍ

nd
st

ro
en

lo

A
ve

ra
ge

 o
f

co
l-u

rr
¡s

 2
 a

¡r
d 

I
as

 r
ep

or
te

d 
by

 !
fa

rk
;^

fu
:n

d 
an

d 
Ì,i

-n
ds

tr
oe

m
r'

2.
7 

+
 o

.5
- 

/'¡
^ 

t
).

Þ
 =

 U
.O

?Ê
 

!t.
t. 

!.>
36

0 
j.2

O
37

0 
:-

 2
0

10
00
, 

*^
ô 

-¿

^Z
 iæ

tta
 +

4
t+

9 
is

ro
5 

.+
 7 +
-

'/u
 -

 -
5

l'

M
a¡

kl
un

d
an

d
li¡

ds
tr

oe
m

+
2.

7.
".

5
t.b

 
-.

õ
)I

 
- 

4

LO

6 '.> 3.
1+

3r
4

)t
o

10
00
I

10 )a
ô l+
9 5I

LO
? )t I

59 .+
36

5 
=

 3
7

37
0 

! 
3?

10
00 61

0 
: 

?o
57 6t

.: 
6

r2
0 

! 
12

89
:9 3

l-.
9

4-
6

39
6_

36
0 

;7
0

35
0 

:7
0

r0
00 lo r6 6t
a 

! 
vo

?q ?r
=

|+
uo

+
30

s4
 1

l?

5

3l
+

10 45 13
_

3h
n 

=
 70

36
0 

!_
 ?

o
ro

oo
 I 

20
0

6.
)

7l
+

O
 : 

L5
O

6s
-

83
 +

17
ß

oÏ
26

LO
O

 I 
20

6

+
37

5 
=

 20
39

5 
! 

30
10

00 a&
!z

o

,,!
r

35
o 
i 

30
3ñ

:3
0

10
00
ø

!z
2

58
0 

+
 5

0
3s

i 5
l+

5!
6

10
0r

1I
65

:8 I

49
=

)
96

T
10

óo
Ir

o

t,
10 75

38
0

37
0

10
00 30
0 11 il_ Ll
+ 5 4

+
-4

=
¿

ll+
5 

:7
I

37
0

36
0

10
00 63

0
42 52

ft_
o 75

:-
 2

5
:-

 )
<

te
o

!t. +
:

rr
o

+
ô

re
se

rv
at

io
n 

is
 ¡r

ad
e 

th
at

 li
ne

s 
w

id
el

y 
sp

ae
ed

 il
 

en
er

g"
y 

ca
nn

ot
 b

e 
ac

cu
ra

te
ly

 c
or

pa
re

d.
'rs

 q
uo

te
d 

j¡ 
co

l:n
ns

 3
, 

5,
6 

an
d 

7 
ha

ve
 b

ee
n 

ob
ta

in
ed

 f
ro

n 
Á

¡k
iv

 fö
r 

þs
ik

, 
22

 (
19

62
) 

48
5,

 (
H

a.
ni

lto
n 

et
 a

i).



-40-
nethods are not in agreenent.

For the 28J kev 1Íne, the present value agrees falrly well with

the data in column 8, for the 375 kev line, agreanent can be observed

with the data in colurnn 6 and 8, whereas for hL6.6 kev line, the present
:'.',,

value Le in disagreeroent with any ot,trer data (Baggerþfs 1ó, LÍ.ndstroenrs

ç).
Present values for the 20J_, 589 and 6OJ kev IÍnes agree wel_l with

;'....
the respective values l¡ column 2 and the 6L3 kev line agrees with ;,r;::i;'',

l 
r: lrr:;

colu¡nn 7. values quoted i.n colur¡r¡ 7 ror 5ú and 6oj kev l"i¡es aze also ¡:i,;:iìi

ín fair agreenent w:ith the respectíve present val-ues. 
I i::''i'rr';

. P¡esent values for i.lhe 206 kev and 484 kev lines are in fair
agreenent wtth the respective data in colunm 2 and the l¡6É kev ljne i

1s 1n faÍr agreenent wíth data in colunn 2 and 3. The veLue for L6g i

kev lÍne is in good agreement rqith data in colunn 8.

For lines cLose in energr to tlre 316.5 kev l-ine, there ís I

fairþgoodagreernentinre]"ativeinteneityvaJ-uesgiveni¡co1urrns2Lo6.

This is expected., because rel.atLvs i¡¡tensities a¡e nonnaLized with re- : "'
:

spect to that of 3!6,5 Uev. l,fhil-e the present vaJ_ue for the 308,5 kev i.;¡i:ii
line agrees very well with others t data, ùhe value for +,he 296 kev line i,:,rl¡-r:r,

:..t.r.j.:.,,:,.::is low by LLfi Lo 2O%. (Measureurents for this l-ine have beon repeated, :':'::::':'l

but no er¡or coul-d be observed.)

rFpt for Lhe L36 kev line could. not be obteined, so no attenpt has
i.-.":: 'l .

been made to calcuLato its rel-ative intensity with the lcrowJ_edge of i 1'=ii.,',;

scintillation efficíency. However, the reilative ínt ensity (value O.I1)

for Èhis l1ns has been obtained fron tho knowledge of over alL ef,fi- I ..
cioncy of tho spectrorneùer. This 1s 5-n conrpl-ete dfsagreenent with the

values of oùhe¡ workers. This w1ll be díscussed later. i.:.,¡;

Marklund and Lj¡dstroeniO n"lr" deüermined the rel-at1ve intensities il"t:
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for Ir - 192 ga.runa rays by the two different nethods. Average of their
values, as given by them, are reported in col_urnn 9. On the whoJ_e, the

present values are i¡r fair agreenent (w:i¿nin 2 Lo I5%) w:ith the respeo-

tive vaLues 1n col-umn 9¡ except for the 613 kev lÍne, where the present

vaLue díffens by about 22fi, for l..he 375 kev line, whe¡e the dj.fference is
27i6 and fo" the 4L6,6 kev line, where the diffe¡ence is more thê¡. 7O%.

From table IV it can be observed that, Muller rs va.Lues (colunn d),
excepb for l.he 295 and JO8.J kev lines, do not agree nlth any othe¡ts

val-ues. Colu¡¡¡¡ ? and 8-are 1n fairJ-y good agreernent, except for the 46g

kev lÍ-ne, where the val-ue i¡l colunn f ls nearer to the vaLue j.n cofu¡nn

2, VaLues in columns 5 a¡¡d 6 are not in nuch agreanent, nor.do these

agree with other colu¡ms. As a possible reason for this disagreernent,

Hamilton et al-20 have point ed out thatr'the disagreenent of the rêsults

in colu¡¡ns 5 and ó ¡¡ith colu¡rn ?, (a1t of which have been detemined by

photo conversÍon nethod), nay easiþ a¡Íse ftþÍt the correcùion for the

photo electron angular distributions. They have also observed28 csrtain

differences jn rft factor calculations in the very transiùions studied.

AccordJng to thøn, at the ùjme of studj.es reported in colu.ens 5 a¡d 6

vory little was løown about these a,ngular funcùions. So relative discre_

pancíes might easily be present in Baggerþrs and Johnrs (i.e. coLu¡nns

5 and 6) ¿ata.

Determj¡aù ion gf effíciency rule.

An attempt has been rrade to dete¡míne the over al] efflciency of the

present spectrorneter (a.Long with ùhe scintiLlatíon spectrometer as one

unlt). For thig purpoee, in vie¡.¡ of the above discussion, values in
co]-l¡ms 3¡ 7 and 9 onl-y r^¡ere takeh into oonÈideration. (As ¡nentioned

earlier, colunn p 1e the average of coLr¡¡urs 2 and I reporùed by the same

group or workers, Lindstroe¡n a¡d Marklundfo, who have observed that,

;.:. ..

f,i',,;l'

:

1

É;:i.lî l

rl::j.:fi.ìl
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Speetral No¡¡nalized
Ðnerry photopeak
line in area or
liev unit u¡rcorrected

intensity

EI
u

L36.3 z.t ! o.oz

2or. z4.l ! o.oe

206 r:R,7 ! o,23

283.1+ 5.4 ! o.otn

296 405.6 ! o.L9

3o},i Lß.? ! o.5o

316.5 l,oo.

375 u.r ! o.ol

t+:-:6.6 ¡.e t o.o¡

468 r48.J ! s.25

4sL.6 10.9 1 s.e5

5s9 6.1 1 o.o4

605 rr.6 I 0.06

6;.¡3 6.0 t o.o4

1ABLE VTII

Weighted
average of
íntensÍties
determi¡ed
by earlier
Ìrorkerg

I
14¡

2.7 : o,5

5.6 : 0.6

38:t+

367 :2r
J.

378,3 : 27

1r000

6v,j ! 5i

l+O:L
I

t+9:5

ro6.J :9
66.7 : 7

Ratío

E
o

E

(no=3t6.5 t<ev)

2,32

r.57

1.54

I.T2

1.0?

r.o3

1.00

0.85

o.76

o.ó8

u.õ)

o.54

o.52

o.52

Rat io
Iu
fü¡

o.?? I o.u

L.% ! r:86

3.n ! o.3i

LÔ4 ! 0,67

r.rr t o.oó

r.o9 1 o.os

r.oo 1 o.oo

o.74 ! o,zo

o.z4 ! ç.s2

o.z7 ! s.s3

o.rz t o.or

o.u j o.ol

o.o9 1 o.oo

lì-,i:,: ¡:,i.'

..',.'.
r,r.::,ì;,',.i-.,
i.:::iì,.:ì.:]:'li
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the crystal diffraction lntensity det erminat íons ( colurn 2) of the garuna

rays above 400 kev are somewhat higher than the photo conversíon determi-

nations (cohnn 8). But, as their jniensity deterninations do not show

any syetenet fc deviation outside the experjment&} errþrs, they have quoted

the wefghted rneans (eolurnn 9) tron the two nethods. )

Givlng weight s inverselJ proportionaL to the errors quoted, the

weighùed a,verage of the val-ues (whích are fairþ close) for each lfne

i,¡ere taken Ínto consideratlon for the oVer ell €fficiency determinat íon.

For ùhe i-inos 206, 484, 589 and 613 kev, values in colunn 3 are

ruch higher than the values in colunr¡ 9. As oolunn 9 reports averages

of valuea by two diJferent methods, iÈ is Justtfted in relying nore on

these values. So for these Iinos, val-ues i¡r coLu¡u¡ I were díscarded for

averaglng purposes. These welghted average values fw are given irt

table VIII.

Fron Table VIII, values for (Eo/E) (r+here Eo ís 3L6.5 kev) were

plotted agaLnst values for Iu/Iw on a tog-log graph (figure 23). A

best fit straight Line v{as drarvn through these point e with the consldera-

tíon that iè nust pass through the point (frf) (i.e. the representative

point of Lhe 3L6.5 kev lLne w:ith reopect to which j¡ùensities are nosna-
l.:.rì;,,.,

Lized). Fro¡n the slope of the. stralght line the following relation was iti,:-.t

obtai¡ed:

ln (rulrw) = 3'453 ln (EolE)

or

IVIi = (no¡s¡3'453

F¡o¡n this efficiency rulo for tho spectroneter, it can be j.nferred

that, actual relative int eneity = lu.(no/s)4'453.

l{ith, 'the he].p of ùhi;s relation, relative Íntensity was calculated

for each Lj¡e. Values agree very well (r^rithjr¡ Ifuit) with the values aI-
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136.3

20l-

206

283.4

296

308.5

316.5

375

4:-6.6

468

t+$t+.6

589.0

605

613
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r
e

0.1

30.2

3.7

32I.r

J I I .)

1r 000.0

8.0

o.,

575.8

l+7 .l+

51.8

109.0

58.6

2

r

5.8

33.3

3.4

3U+.1+

?76.t

1r000.0

8.2

10.i_

585.9

48.7

5L.3

106.7

57.1+

3

8aüio:
T.

.ttu
T

2.80

2.60

1.18

I.L2

1.05

1.00

o,73

0.60

o.l+7

o.l+4

o.29

o.4.,'

o.6

5

ßã,Fdri

rl:=Y-.'l¡t:

Spectral Relative
energy line intensíty
in kev obtaÍned by
unl-t efficiency

rule

TABLE IX

Relative
intensity
obtained by
analybical
procedure

Bel-ative
intensíty
4¡! corrected
for the
refl-ectivitf
of the curved
crystal

T*Ru

I:1+.3

78.7

l+.3

360.o

396.1

l-r000.0

5.â

267,8

2a.7

14.8

29.2

L5.3

l+C ol-u¡nn l
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readJ¡ obtained (ae reporùed ln table fV). Both ùhe veluo8 å,16 quoted ln
tablc II for cenpariaon ( colrnn t and 2). Ihl.e agreonent agecrtal.¡g thc

nal.ldlty of tho €ifialanoy ru1e. Thie also reflectc on tho acourscy of

the pncaent valuca conpared to thc nore rclLabLe valuee of earllcr de-

terulnattong. iirr,:,,,,,

The value (O.t) obtal¡ed for the l3ó ksv 11nc by ef,f!.elenoy rule Ls

1a oøpletc disagreenent wtth sqy of thc valuec obtalned eerlier fo¡r ùhl¡

linc¡ Values reporbed by othcr ¡¡orkera for thls ];lne va,4r frø 1.9 :,., r,:
'r ¡.r 1¡r :l . .:

loageer\yl2) to 34 (JohnE ard ¡¡a¡1o17). Ít¡c rel¿üLve intcneiüy for thle : '

Ilne couLd not bc obtaf ned through enalytie aI proo€dÌ¡r., ae the Fn value i,.,,.,.it':

fløt J36 kcv is not known. So, no oonolusl.on oan be drewn about itg
relatl.ve intenoiüy. Horsver, the valuc O,1 does not sr6ú to bô reason- 

,

:

able. Therefore, thc valldfty of ühe effLclency ruJ.e for gó kev ls i

doubtful. lhl.E rulc êppeare to be vaLld r¡lÈb.in the energr range of

200 to aboul 600 kev. the upper finlt nay be greeter than 600 kev, buù, j

¡

for the prcaent, there 1s no opportunlty to eecertain Lt¡
i

.@.
Fron the studieE nede here it oan be oonoluded thet¡ ourved orlyetal. 

l:,:,,,,t,:.
diffreoülon epeeùronetry la qultc a powerfirJ. tool for detormlnlng reLar i,:i1,,,'.::,'. 

,',',

tlvc fntenel.tiee of ganrna lra¡¡sitlons pnovlded thc Eourco Ls atrong ,.t,ìr,r:

enough.

lfiüh the h.Lp of the enpfrlcal efffcl.enoy ruJ.e, rcletlve Lntcn-

rtty of ary ganna tranEitLon rrtthtn ùhe energr rarige of 20O to 600 kcv fi._:ili i
ri:i.ji.+iÌ.,:,.j

oan be dLreotþ ileterntred with thiE rhole Lnstrunental aasæbþ ae onc

unlt, though, bafore dolng so, Lü wiLL bc ugeful to verify thle rule
I

¡vtth the help of ¡one sterdEtd soürc€E. 
-

l,:;ai¡iìi::
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CHAPTM V

Ðet er¡¡inat íon pf the refLection coeffj.cient of the preeent crygial.
1,.,-:irr1

An att entpt has been nede to deterIltine the reflectlvity of the pre- ,11,:.¡::.

sent crysùal. The uncor¡ected íntensity, Iu, (i.e. the phoiopeak area

Ap) was corrected for solf absorption; scintillatlon efflciency and

photopeak efficiency (Fp), buù not for Ìef1ecüivity of the curved. crys- 'i:i::!l:

tal. These vaLues (lRu) are gl.ven incolunn 1¡ of table ff. These

varues (rRu) were divided by the respectl-ve reratlve intensities obtained

u:!th the help of the effíciency rule (i.e. by the ¡ospective val_ues in

coLurrr l- of table IX). The ratios ere given i¡ colunn d of the sane

table. These ratioe were plotted againsù respectíve Eo/E values (tabJ_e

VIII) on e log-leg graph paper, and best fit straight line (which

pesses through nore points) was drawn, agaÍn w:ith the consideration

that i.t ohould paoe through (J-rf) poÍnt (fieure 2l+). Fron a knowledge

of the sl-ope of the straight tine, the refleotion coefficlenù R is found

to be equal to ¡ const. E-!'95, wiùhin the enerls' range of 200 to abou¿
it..':tii¡

600 kev. The present relation 1s pretty close to the relations given by . . ,

BorgvaÐ26 and Edward "t aL22, i4rhich have been mentioned earlier.

From the above ment ioned graph (flgure e4) it can bo seen that, ùhe

straight J-ine passee through aLaost eLi the pójnt s, but not through ùhe

representative point s of 201 e¡d 20ó kev Lines. This fs possibþ due

to the fact that vafues for theee l-i¡es in colunn J of table IX aro not

correct, as Fp values for theee two Lines are not lorolur correotly.

Determi¡at íon of the enersy resolution of the dLffracüion spectrometer.

Enerry resolution of the present I.2 neter curved crystal diffrac-
tÍon spectrorneter has been determined. Val"ues of full w-idt h at half

, i'.-. .¡
i:jjr.'T¡jLi



TABLE X

Energy Resolution of the presenù Spectroneter
i.,:,
I: 

',

i-'..Spectral
energy
line in
kev unit

E.

136.3
2O7.3
205.8
283.3
295.9
3o8.5
trÞ.,
374.6
t+t6.6
468.0
484.6
588.9
604.7
612.9

Resol"ution

{Q (per cent)
E

o.zs ! o.os
o'?6 Ï o.o2
0.29 r 0.01
0.i,8 t o.oó
0.53 I o.ol
o.59 : o.o2
0.59 + 0.01
o.ó3 Ï o.o4
o.75 ; o,o7
o.82 : o,o2
0.s! J 6'65
1.03 l'0.05
1.04 .r 0.05
o.97 I o.o?

t i!r,¡
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Deterrnination of the energy resolutlon (as afunctlon of energy) of the I.2 meter curvadcrystal garnna ray spe ctrometer, {,

i

400
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Ë
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L 0.,
Resolutlon (of ttre Sanna -energy Line

1n percent. LF,/E:Ì,

1.0
prof 1j-e s )

.È:-i



D!4àl

-l+5-
maxi¡um divided by the line position for each photopeak (table x) were

plotted against gamna energies of the respeotive J.ines (figure 2!). The

curve passíng through alL these pojnto wao a stralght line. This straÍght
line paeses through the point (0rO). Fron the slope of this straight

lÍne energr resolutfon was d.eteruLined as follows: ilt,.'a

tE'Ë=1.77x10-2n (tev)

within an upper i-imit of about óOO kev.
t) i,, , -,Edwards et a1-' have reported the energr resorutíon of the 2 ¡net er i.,ìlli'..

curved crystêl- diffraction spectrometer at the california rnstitute of ili;,i:

Technology as: . ijl:':i;

,AI¡:Ãi
"E= 2,3 x 10-/ s (kev).

Li¡dstroen and l4arkLundlo havu 
""ported 

.the energy resoJ-ution of
their 2'meter curved cryetal- diffrection speetroneter as 

l

oË 
= ..u x ro-5 p (*ev). 

i

Sea¡ch for other ¡es.

Lfridst¡oen and MarklundlO h.,r. ruporùed rel-ative inùensities of
three new lines e,s follor^¡s ¡ 280 kev--- 4t, 3ZO kev--- 15 f, 5, and

l¡$p lçev- h. ! Z ay photo convbrsion nethod. An attenpt was mad.e to iì.r::ii'

l-::: ..1;:irvestjgate these transitions, without success. These.Jransitions, if i.,ii,
present, were indist jnguíshable fron background. The reason nay be as

folLows: Takfng the values quoted by Lindstroen as correct, the line
280 kev is too weak to be observed, the line 32O kev may easiþ be ob_ 

;:.,E"il

scured by the 3L6.5 kev J-ine, strongest of alj- the t¡ansítíons. The 
:iièJi:l

line è89 kev does not appear to be too ¡¡eak and the¡e is also no strong

transiti.on near its eners¡ value. However, this t,ransition could. not be 
.

detected.
i/

Huqro has reporÈed the fofloldng additional transitions in pb I92 il.t'
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-l+6-
l+5 kev, )6.8 kev, L04.7 kev, !|¡6.7 kev, I6l.J kevr 4O0.9 kev and. L37.L
kev; while Johns and NabLolT have reported the transítíone 1f{ kev and

440 kev. A search wag rnade for arl these transitions, but tte.attempb

has been unsuccessful. These lines also, if present, were indíotínguish_
ii.ablo from the background

i.:,,¡

¡.+:



APPE}IDIX.

Oonvergion of full rvldth et half ¡naxl-n¡u readingr (of a llnc prof,ile )

ln nu¡nbe¡r of diel tutns into eelor¡d,s of areo

Changing wavelength into enerry, the Bragg relatJ.on ean bc wrLùtcn

as follour:

(f)'¡= & = 2 d cínê, tor a flraù orden spectrum¡
E

Here h (Planck fs sônstant) = 6,63 x 10 -34 ¡oule-eer¡

o (speed of Lieht) - 3.OO x 1O8 nretera/a.e.

E, enersr asEoci.ated with ùhc uavelongth, .
d (lnùenplaner spasÍng of thc JLO planc of quar"tz orystal =
L.u?ó Ao.)

and. O ¡ the Bragg diff,raetLoh angle¡

Þy aubstftution of the valuèe of oonstantt, ùhe fol1onÍng rclation
aan bo obtalned!

(¿) sJ.:n O - 5.26 (t<gv) , ol^, 9, = 5r&
E (kev) ein d

FÞon flgurc L, aün 0 = 
"* 

.

RIB ie proportionål to thc nunber of dlal turnc Ð ar¡d RrO Ís a lonstant.
(f) þ'=À-2¿ eín| ¡ orrE=hc =K r r.¡here Klg aÃ 2dgina D

constant and D, numben of dlal tu¡nc (i.e, dlal readtng)¡

So, E=\= 5.26 andD- K aln g ¡D sin A j.26

Differenùiating, r+e get

6D = K aote.6e.
5..26

orr t 0 = P= radLeng : J___ x 206 r26J seeonds of aro¡K coe g _K_ ooa þ--5.26 t.26
Valuea of B (and henoe aoe € ) ean be found fron rclaü.o¡ (e) for diffe¡ent
energy J.Lnes.

i'i

:!:¡rt

lr'::j:::r':
l.-'.

l=::ì{



(u)
,,tt t,

So 6 ê in eeoonds of ars for eaoh J,';tne profíle oan eesil¡¡ bE

calouJated, if 6D, the nulber of dial turn for full wialth at

half naxirrun ie known.

For thc inveetf.gated enerry rangc reported in thÍs thetis, the

relatfon haE b€en found (by oalcutation) to be Linearo The ¡,,.,r.,r,,,:,',
,::ì,'.:i1::r:

rclation is:

$ B: J-JO68 x 6 D seconde of aroc

l
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