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I II I'.NTRODUC'l'lOlf 

Tbe u1e ot nuclear rue.l as a source or power for mobile 

equipmflnt $UOh uJ n.1rplanes., shi,ps and loeomot1voa holds con• 

11derabl• advantage over roa$il ru,ls due to the 1.nmI4'H1se 

amount of energy wh1oh may be stol"od !n a small mt.uas, Th.is 

advantage is eomewh.at outweighed by the massive shielding re-

qui~d to protect peraonnol and oquipment t'?l'om injurious 

rad1at1on om1 tted tro.-n th$ fuel dit:r1ng ittt storage and con-

version to uea'ble energy by nucleu tts.slon, 

or the various types of racUaU.on emitted dur1ng storage 

and nuclear t!eeion, neutrons and gamma rays are the most 

d.1.f"fiault to attenuate . In aane 1ruttances lt 1s not neoessnry 

to atttmuate r-.ad1at1on ,,. r11ther it may be sufficient to detleot 

tbe rad1e.t ion awar tram cart.a.in Areas suob. as the crew com-

partment of an airplane or f~om eerttr1n typos of aleotr-ieal 

instrun~entation which may be susceptible to radiation dmnago" 

lf a dev-!c\l to detleot l'."adiat1on oould bo made letll massive 

than present type$ or radigt!on shiel1:U.n..g, 1 t vo-1ld be helpful 

in the ut11:1zatlon of nueltuu~ fu&l tor ,mobile equtpment . 

It bas been well established that ga~a r-ay attenuation 

proceeds by the mecha.."'11sme or photo• eleotrio effect, Comt.,ton 

seatter1ng and pair pvoduetion. These mechanh'fl'U'I depend pri • 

marily upon tlle mass of the shielding mata-:r1e.l , therefol"e ,. 

11 ttlll can be done to reduce th$ weight of this typ~ or 
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hield. 
A reflector or el•ctro·m~gnot1o l'Adiation 1n the enef\gy 

range of x• rays and gnm:mn rays :ts d$pQndent upon the lattice 

atructure or tbe material , It should hf! noted, the reflection 

f'e:farrod to here dooe not necostut.r1ly depend u'Pon th' exist ... 

enee ot a pol1sh(\d surf''1ce as: ls tr\1$ tor the retleot1on or 
ordinaJ"Y light 11 Tl1$ tGrrn 1s ueed only to al• pllf'5• the de ... 

ser1pt1on or tbe e rt et . 'i'here 1s nc such tb:ing a.o aurrac 

re.t'lect1on or x- rays or e·arr4!ta rays rather' Pctlectton takes 

plaoe on all lay.are or atoms al.18)tl&d prope~ly fol"' i-etleot1on, 
Undor thi · condition, it 1e conoe1vablo to r-etloet ga.:'1lm rs:yJ.J 

by pPope:r alignment o:f' a crystal. This typo or rerlecto:r 

would not nee1uuut~!ly bt.l dependGnt upon mass o:r the retloet!ng 

matorifi.1 , rather 1t would dep(J:ttd on the lattice atru ature ., 
The purpose ot U1l s 1 . ost1gatlon is to examine c&r a!n 

parameters or gamma ray :reneotors-



I :t • REN IE' 0 L T RA'rrr 

The r ict on and lat r c.xpor1 l c t 

the abil ty of cryatal to itt~act 1 ct~o- nrmotic r d t o 

w s £irst rn deb v. Lue in 1912 (1) . 'e 

true .. "Ur o-r a ory t l a.ct a 1ttr 

0 ;'0 b 1 tt 8 

th 

interfe ce of waves taking pl co at a ,umber • po 

which re a socintcd w!th t .e toms 1n th l.t atr otux-e 

or tb e stal . v. L u tto •eveloped a. .at m t1eal X• 

re io. !or th inten ity r rad1 tio 1.rr .... et 11 

po nts which confi:rrl his expor1m .tti results. 

'hortly fterV. Lu t s &xpor1ments w:.t cry t l nt 1"• 

r ranee , w. t . 
·s a.l , such a cl av n tur 1 surtacos or 

fleet . - rays und r n cond1t ons . ey .1 o e l-

ancing gle t on· rn hex- npl x oi- th 

wl ch r fl otion t k s plac hich is 

A == 2d 1n-e- (1) 

wh A 1a the w velength or the 1 ci ent ad1 t.on , i 

integer reptte e.ti g the "order" fr fleet on, dis ,hG 

d1 t nee between crystal planes and -e- 1. th or tic 

gle , 

lancing 

bout this t1r:i .. · ut. "'.ford a d ... • And?' d m asu 

th v l ngths or sort g ., a ~n s from R di u: B by- dete:r--

nlning the ngle or reflect on of r ys d1tfraoted b c tal 
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ot roo salt (2) . 

In 1914, D rw1n (J) pr cUcted t t t' v locit of X• s 

in medium would differ tro th t in a v ouum... H f'1J.rt ~er 

hypoth sized th equ t on t\ =- 2<1 sin e ·ould hold for th 

angl or re~l ction proauced by the int rior of Q c s al but 

not t r the angl of reflect on at t r e-
tiv 1ndex calculated by Darw1 wa bout one p rt er ll1on 

l than o • A hort ·t1 , lat r,. Sonstr (4} , Du & and 

P tterson (5) nd ~le bahn (6) eonf1 ed D !"'• n •s hypothea1 

with experimental evidence .. i'h&y rou d th "ndcx or frac -

tion dift d fro, on b ~bout 8 x 10· 6 or x- r ya of w ve 

length 1.473 ' • 1n cnloit • 

Since th r rract1v ndex s le a th n on 1 x- r s 

should be totally retl oted undor e&rta1n co dition • A. H. 

Compton (7) arr ved at an xpr ssion .or th er tical gl c n 

an le e or total retleet!on ·~1c. is 

(2) 

w ore ¢ 3 the Drudo•Lo~e tz function fo. the ind x t r · ~ 

rraetior. of high froau ncy radiatton given hy 

( .3) 

where n i!l the umbott ct electr n per un t volume , • 8 th 

char o!' th •lectr n, m 1s ttir es end ?" re n nt t e 

r q nc of the adi ition . For o wn glass , Compton t t 

th r flection ngle 1 or th rder of t • t - two 1 ut • 



This new lmowlede;e o:t tlle relationshi p b&twoen the re• 

tractive index and the numb~r of el~otl"ons per unit volum$ or 
a medl\:U'l was uslj;d pr1.roar1ly to cc.nflm ex1sti~1.£: evidt1nee or 
the number ot electrons p~r ~tom. 

Darwin also cor.usidcrod tbe effect of et'Y'stal imperfection 

upon th& !nt~neity o! i•eflection. He pointed out that in a 

pot"'i"ect ocystal , all :radiation 'wrdoh oan 'be refleote 1$ re-

flected long bt"trore it ts absorbed by ccnv·er-sic:m to oa.thode ,.. 

ray onergy , hoi1cP1•r , it haa been demonstrated by f,1~-perittHi nt 

that this co?:1plc.1t~ re!'lcetion do~ s not tnko plnc.o :tn Qatunl 

crystals. To quote fron .DM"wir• ' s paper, 't':!'h,,s ml..uit be ttlknn 

to 1ndic5.te th$.t the ocyatals a1~e so badly twisted th~t th61r 

planes do not reme.in pnrallel e11en long enou(5h tn pre 1uce a 

aingle rerlootiontt , (3) 

W., rh Bra.gg (8 J fott."'ld b~, £:,t"!nding the su.r-tcce of a 

cryotal cm e1r1En."j' paper~ the. !ntensl ty and ?'•a.nge or the angle 

ot refleet1on could b~ 1,ncretlsed. 

Al though moat of the m-~•otid!ng 1ntoMU&t:1on was devoloped 

relat1 ve to x• ray·e.1, it 1e a1.1pl1c~bl& to t;rut""!la l''l}'a s inoe 

tbaae two types of eloctro• tna.gnet1a rai:U.atton differ pl'.'1:innt-117 

in tb\l'ir o:r1g1n.. "i1he x ... t'ays are a function of t'be ottbi tal 

el.aotrons flilld tbe ga.UQ. :rays or! ginili~ in th.a nucleus or the 

ator1. 

?lf1H1srare:i.1ont of tho reflootion angle ht.ls boen used by 

Du Mo.nd (9} to meaau:r~ th<> anert;::Y of g~a ra1a below the 



l Mev enettgy level 1n $. "'aurved crystal spectro:i'llotel""t . 

Ganmta ro:y l!'etlectton ae applied to ta curved reflector 

was investi gated by Crookep (10) 1n 1956. Re studied the 

reflection fre>m a curved 't'>eflecto:r made of laminated aluminum 

toil . Although his reflector dld t1ot provide the eoM"Oet 

grating for interterence , he round ll.lO.:r~ 1ndieat1on et retlee• 

tion . Mergl (11) oont1nll$d tb1s 1nvestieat1on using a curved 

single or-yot l ot zinc . Bi work aleo 1nd1cat d n mn 11 

mnount of l'eflect1on was taking place .• 

t 
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Tbe ettoct ot lattice distortion in a crystal wpon the 

a.bll1 ty ot the crystal to Ntlect gaml\la ray• h! or coneidor-

able theorot1oal and preetical 1mpol'tnnoe in th& de&1gn of' o. 
refleot1ve tfpe gamma ray shield.. It ths lattice plane ot 
a ol'jtstd a~ bs.dl7 disto~~d., as Ua.rwln !n<U.cated they may 

be , then perhaps only few atomic 1etanc&s within the 017a• 

tal could b& 11gned to rietlect at one tin.e t and tbe rema1ndet' 

of tbe oeyatal would abaorb the rays bf tho tl:U"ee pl'"ev1ouely 

ment1on$d moohan1sm$ , If the distortion w1th1n the CJ"!Y'Stal 

ia s11gbt , it would be theoretically possible: to align the 

lattice planes or tho ont1r$ tlf'1$tal and thus reflect a 
h1ghe:r portion ot the 1nc.1d.$nt rad!at1 on ,, 

Dislocation l.i.nos ru-e the me.jor type of ¢eyate1 1~r

fect1on wb1oh accounts for distortion of tb.0 lattice. 1'he1 

are present in all c17stds , However.1 the lattiee Qtt'Ueture 

ot a e!ng1 cry tal ia more :ideally arranged than in a 

polymoPph1c ery.stal . Within a single crystal the &"tlount ot 
d1stol"t1on is a rather 1i:id•t1n1 te qu~t1ty1 dependent in pai-t 

/ 

upon the conditions or growth and the amount the erratal haa 

bCJ-en atra1ned •. 

th$ su:rf'e.ce finish or tO. crystal e.lao baa some et!*&ct 
upon itJJ retleetive power., As pMv1ously noted, w. ti . Bragg 



round tbe 1 nten$1 ty or 'f'O tlect1on ooul d be !ncreas~d by 

grinding th.e eurtaee on emery pnper. 

the pu:rpo8$ ot this !nvestigation 1$ two ... fcld. The 

rtrst portion !nvolv s the de,,.1gn a.rHi oon.strue.tlon ot 
racil1ty for dete~min!.ng tho critical Arlh:!lo ot 4 crs-st;a.1 and 

the amount ot rtad!ation reflected thrcugh 11 gtvan angle. Tl:lb 

S$Cond part 1s an evaluation of tht') etrect or &urf'Qne f1n1ab 

and latt!eo distortion upon the retleot1ve power ot a 1"$Pl'O• 

sentat1ve 1.u~mple ot an unstPa1ned :dngl~ enst.al. This will 

be aooompllsh•4 by oompn:r1ng the ~ount or !"lrfloetit.'n from 

several thin C't?'stalc wtth that from a f!ingl ·· eeystal of 

tb1ekness 6qual to tbnt ot all the thin erys ... als . 



• IV . MATERIALS ANii APPARATUS 

The e:pparatus u.aed in this 1nvestigat1on 1s 1hcnm 1n 

F1g. l • A detailed d&$Ct"ipt1on cf eaeyh campoMnt toll.owe . 

The 1denl so~c~ or radiation tor thlm 1nvtH~t1g&tion 

.abould meet th:Pee qual!f1oe.t1ona. 

1. It should find t gamma ra.7e in an $nergy rnnQG 

wh1eh oml be retlected thJ'Cugb a ree.sonably largo 

angle u&1ng available ~!7'atals. 

2. It should be of .auff'1c 1ent st:rengtn to provide 

a high eounttng i-ate et the deteeto1-., 

) . lt should be avid.lable toi- exp•rimenta.tton . 

Of the two types of aourooa av1dlable. Oo- 60 G.nd. Tm• l 70,. 

the latter- met these qu&11ti.eations \he rAOt"GI s.ut!ete.etorl.ly. 

Th energy spectrum of Tm• l 70 w1.ll bu disotu1sed ltttei-. 

An encapsulated ·'f"n· l70 w1tb a att'engtb ot .approxiaately 
100 m1111eur2.es waa loaned by the Amcus Lab¢tratoey ot th• 

Atom1c :Energy Commis~ion . stneo tb.1$ w~a tbe only fm- 170 

source vead11y available, 1t wu «!lcepted and tbe source to 

deheto:r diatanee ehoeel) to g:l ve au.tt!cient rad1at1on at th., 

det~otor to pem1 t high enough c,ountin.g rate f':o~ good 
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st~tistical nocurr.u:ry 1n A. &hort time. 

'lm·l.70 has a r-athett broad energ-J spectrum.. It exn1ts one 

g~ ray of 84 Kev. energy tuHl also oon.slderable qua.~tity of 

x- .raya in the reg1on of $2 Kev . ' 1he x-.ra.ya o.ro tndJ.roctly 

duo to the alternc.te method ot d.eaay by heto. emission. 

Crystal ~1.e flee tera 

In order to fulfill tne ·rcH1u1romenta <:J.f th~ expt:riment, 

the or·ystnl should meet two oonditien.m , FiPst,. 1t should be 

a single crystal and see·; 'd, 1t should hn.ve a n"odorately low 

fltom1c numb&r. Th& latter rcqid.romont wae neeoeaaey to re• 

duce the nbso~t1on or gs.mm«.\ rays by photoelec!trio ef'feet. 

A z1ne erystal which Itl&t both cond.1 tions wa~ availe.ble ., 

Tho or1ontat1on of the basal. plane in this crystal was detei-• 

ni1ned by inserting tho ttp or a knife blade into tho m torte.1 

until it s;:il1t . rrno basal plane was, cons:!letew·d to run 

parallel to the split. From this crystal t1ve apeeimens were 

eut in suoh a m1u1n$r that thG basal planes tte'r$ oriented per• 

pendiouln'P to th& S\.trtac&IJ to be erposed to the collimtttod 

:rad1at ion. The di.inenslons of four or the cey&ta.1a were t by 

i~ by 0 ,.020 incb and the fifth ei~yatal was t by ; by 0 . 060 

inch. The m.tr faces with dim.ensiona f bJ i inch were ground 

smooth with cnrborttlldum and httd a ftnish of' approx:tmntely 10 
m1cro-inehes n1iis. 
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The .f1n!ehed spoci:m.ena appeiared to be rreo from $Urfaoe 

1mper>t'eot1ona and since thay wo1"0 tsl..::~m trorn s.n unstrained 

portion ot a 1011ger crystal• they we:ria ulso assumed to be 

t.mstrained. During the .cutting ot the individual crystals, 

an effort was made to keep the cryata.l temperatut"(if low by 

running coolant over the eurface. '11h& eut ting and in .. 1:rfnce 

tln1ch.1ng wee perfo:rP.ted on a -ma.chine of the t:n>e used by gem 

cutters in proeess1ng stone.,, . 

Tho appo.rata:ui tor the experiment wa& mounted on a long 

wooden plat.tot'm. A phot(vraph of tho sot- up is shown 1n · 

Fig. 1 and a schematic arrangement drawing with tb~ shielding 

bl"'iolca removed 1s $hown in Fig. 2, Tho tollow1ng equipment 

was USEH1. , 

1. Sou~ce holder 

2 ,. Collimating d.ev1ce 

J • Crystal holder' 

4. Crystal holder platrorm 
5. D tector 

.6. Scal•r 

The aouree holdar oons!eted ot a load block wlth a 

eavi ty and apertutte aa shown 1n F'1g. 2 . In order to align 

the source w1 tb the eentei:rl1ne or the aperture ot the soux-ee 
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hQlder, a ~·ood,en ade.pter was placed in the cavity or the 

holder, ft. 1 ad block whic.'> served as n eoll!mnting dev1o 

w s placed direetly in tront or the sou.roe holder npertnrft. 

Tt·e bloel"" contained a 5/32. 1noh diu..etet> bole which was 

aligned wi tb the cent r line or the e:porture or tbe sourc 

holder. Nominal dimensions are !ndieat~d 1n ?1g~ 2. 

Tbe crystal holde~ and holder plntfol'\Tl et-o ;tthown ln 

F'ig• . J nd 4.. The c:rystnl holder wn.s eoi"'poee or a wooden 

eryGtal !nOunting ta?a~ .:md an indicator 4!'tn. 11"he bottom ot 
tho mounting fr~ur.e was !'1 ttod with a atetil b'rnhing to prov de 

b rlniI surface ror rotation ot the frame about vo~1ca1 

axis. A wooden indicator arm was attached to the mounting 

frame to 1nd1ce.te tho angular movement at the ecyatal holder 

on a scale tixod to the cryst.el holder platform. Th~ epcc1men 

w slued to a small vooden rod 'ftlhieh \c-rae eiupportod. !.n a horl• 

zontal poslt1on by the r.iounting frame f.S ahotm in Pig. l(b) . 

An 1ndicatott was placed on tho rod end to fao111tate it 

positioning. Tho basal planes of tb crystal could thue be 

aligned 1n a Yot•t1eal plane perpendicule:r to th indicator 

arm by ~otat!on ot this rod and eould be rotated in a hor ieon• 
tal pla11e by movement ot tho indicator .am to nable the 

d termination or varloua orders ot ~etlecb!on of 1no:1dent 

:radiation. 

The C1.'7$tt,l holder platfom WO. oornposed Of e. \IOOdGtl 

platform titted With t"OW Of' tmtall 11'0rttiool steel posts 
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whicb fit into th• bushings of the Cf'Ystal holder. A settle 

was attaohed to trio platform to -P1f.HUturc .angtJlttr rotation or 
tho crystal holder. The plr1tfo .rrri: vre.n allfjnt<>id 1n th$ eol• 

lin at$d be~-n u.s shown ln r'i E.h 2. 

The deteator used in the e.xpertmont was a Yodel DS-lA 

Scintillation Detector manufa.c ''1red by· tho l!uele.av I stl"Umen~ 

and Chemie.al (lo:r-poratton . H:. ut111zea n sodium :1od:td.e, 

thallium aeti~at<?d crystal c.a a sensing element . 

The instrument was t1quippod w1th a ren:ovablo directional 

s'bield with .a one• 1neh dia.'"'llftter aporturo, however, it was 

neeeesary to rtH.iue.e the field being seanned to ~n$.ble ~o:re 

exact alignment or the dataetol" with reflected r au.rma x•aya ot 
a certain energy range . Th1EJ wns necompl1$hed by plncinp: tvo 

lead blocks in £root of the instt"'Ument , l$av1ng a vert1eo.l 

slit betwoen thom &..$ $how-n in !'1g . 2. The detector and 

au~iliary colli~at1ng blocks were mounted on a movahl plat• 

form which could be rooved 1 n an t:trc a.bcu t tht.1 ntil'l'lber one. 

oeystal ,. It uas determ1n~d that th& RC ti.me eonatant or the 

prerunpl:tt!er eontrola thG eount1ne rat& or 1;he 1n tf'Um~nt , 

t-eeult1ng in a resolving time or 2•3 vd.cro• seotmds whioh 1s 

lees than that or the sc.ru.or. 

A model 186 Decade B-oaler manufactured by the Nuelear-

Ch1eago Corpora.ti on we.ls us.ad to provide high voltage fort the 

scintillation eounte1~ e:n<i. to count the el&etricsl pulse r&• 

ce!ved from it . The instrument bad a fine voltage cont:rol 
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Fig. 2. General arrangement 
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(a) 

Fig. 3. Crystal holder assembly 
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h1oh n bl d p e1 v lt g co t:rol . c l r d 

olv'n ti r 5 1o o- on •h ch. 1 t th t 

cf th d otor. lO th r i t cent rolling 

d t .. 1n1ng co noid . c • 0 t 

lo 8 c 5 b 0 'ollo ng u io 

iv n b land nd ( 1 !) ) 
~ ... 

l ... y (4) 

h r t or t count n r t , ob rve 

c unting a. y th solving ti In in 

tioo of ne nvesti t on. h oountn t ... 
t l 700 c un P r nute . (ll. . 6 e . • . ) h t 

v lu uh itut ·d in th abo e u t1 n ._ th 

count in und to b t ob rv %' 

th ifio n r1 to t r "Ot 

oor cted for c 1 ei c l n o ;h 

1 ve ig .on. t counting r r ohed e-unt r 

u • ( 35 c . p . a . ) r or b t th or ed d 

o s rved cunt in 'W 1 0 ll n t t c 0 

t correct! n w s ot; p 11 d . 

lectro 1c u pm nt u d 1 th 

ti on d u y thro h t t"" t nt . 
1te did 0000. ion lly 1v d .s ·hie ~ t o-

portion to r cedi d ta. 0 d t 0 , of 

apur1o s e dins occu d 0 ot, humid d 



Incidental S. tc1~a used during the experiment 1neluded a 

Nuolear- Chioago ~del 'l'l Dual t:tr.Ier, a Nuolear· Obicago Pfod&l 

)612 povtable aurvcy meter and per:-somel tilr.t badgtut,. 

tlho ti:m s- was used to stop t scalar ttex- a preset 

time lnte:r-.;nl• and. thu$ reduced th'> a-mount ot operator atteri• 

t1on r$qu1red. 

The portable eurvoy mGtex- was u ed to det•rmino the 

$.niOWlt of shielding required M"ound the sollroe holder and 

al$O to e.aa1st in al1gn1ng the ooll!mt'l.ted beam. 
Pe~aonn l film badg $ were provided by ~-nea Labo~ tol"Y 

nnd ware checked bi•weekly. 
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The ph;rsical arrangf).ment of th• equipment waa the result 

ot a ecmtu:-omist> b~twee:n aevora.l variables . F'i r-st, t.ho d1 e-

tanoa between the crystal reflectoP and the detector ha.d to 

be large enongh to displace the :r~fleeted radiation tra>.'.'l the 

oente·r line of the collimated bea"ll 1 and tar enoue;h. to be 

easily l"ll.easured b;r the detector. Seco:nd , the fJtlF.a!1a ray betlm 

had to be w$ll collimated to ins.ure that all crystals would 

rece1v• th~ eame a."?lc:mnt <:>f rad1at,.on . Third1 the oount1ng 

rate ha.4 to be high enough to provide :reasonable statistical 

nccul"ncy in a short pol:"iod of time and yet not gr$at enough 

to jam the machanicnl r$giater in the scaler. 

It waa estimated tbQt a rn1nimurl1 eount.1ng :rate or !)OO 

counts per m!nut& with ten•m1nute C('}tlnting periods would be 

satisfacto17. Tb1e :provided a stru•.u:ltard deviation ot 1.4 per 

cent at the 68 per- oent oonf!denee level • It w&a determined 

b7 ex.psr1mentat:ton t.bat a mnxi:rnum counting rat.a o.f 60 1 ".lOO 

counts pep minute could be handled b7 tho eefller, '~!nee th& 

m11ount et radiation ~rlectod by the> crystal reflector was 

unknown. an analytical approach to tb$ optimum. J"efleetor to 

detector dietao.ce wa.a not poaa:!ble and so it wns solved 

exper.b:ientally • 

The degree of collimation necessary to 1naul"$ uniform 
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r d1 t!o ot 1 cry t rr v t b., 11 1t1n th t -
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old . d coll1 tor block un 11 th rad1 t on Cl 
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h ad ur v c • c llim t d a 
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blocked by pl cing a brick in fro t of th ope ing in he 

sh! ld. 

Aft r the position of e ch o 

components &xeept th det ctor r 

ponent was 

f st ned 

nt . 

d• all 

ec r ly to t 

t 1 to prevent aoe dontal 

h seal r and tirJ r w 

t platform. 

pl ced on a table adj e nt to 

B. Te ti g roee r 

1n1t1al st p n th invest tio w to deto~ 1 

th operating vol ta and s n 1t1v1ty v lue for th eeint11l -

tion count r and sc l r. rnph ot e un 1ng t s a tune-

tion of volta~ vaa oon tructed rrom x r1 nt 1 d t o -

t in d fro th arrange nt to b used in th 1nve t1 tion . 

"plat au 0 was not d i.n th 1o of 16$0 volte u 1 

ene1 t1vi ty valu ot 100 Mv. d o t e wo velu e w 

ad pt d tor th inv stig t on. 

Th location of the cent rl ne or the coll m ed 

w a underta.k n in s vor l d tfc t w ys . r t , 1 ht 

our w s plac d in th our e 1old and the out 

eoll1 ted b of ght on t • .. et we.a u 

cent rl n · • The ouro wn. t en th 

th 

old r 

and gr ph c nstrueted of c unt er .1n t 

or rmgl e ot th d tector s it w a rnov d thr u 
:f\1 ct1on 

t b • 
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!no •170 sour w n t y t vatl bl , a Oo-60 ourc 

ot 75 11cur1es t ngth 

tb c te line w d te 

aa ubst1tut d. 1 e tion o 

d by the angl e- t \1 ch th 

b. gb t count as not d . A l r roe dur w 
u ed n t int. v rt1o l locetio r the oe erl • · 

e oalt on or th ent r no , a dete 1ned by t WO 

difte~ nt did not e so a third .et · d uain 

x•r y fil to outl1r. be a. y b 

1. w tbe I wa at C lle • 
wr pp d 1 light• p oot par o.nd xpos ·-

ated attomp v rious ex o ur t did not prov d a 

distin t outli ot th be . , o t 1 

It was th n not d t t h ol 1 

bloc w t of onat t di er 

proo du:re w 

th l ad col 

lo 

tin 

• u 

d. 

1 proper drill n dur • ftor re in 

o c terl1n looat o. wu 11 ·h · 

coun in thod, This t1 a.gr 01 nt wa good. 

c ck 

t d nd 

T 4 •170 aource v s th n in° ed . th ce holder. 

It as not th t the or1ontat on t t e sour • n t e b l er 
w cr1t1 l ae a 90 d _ e r t tion or th ouro 1 th• 

oldott oau ed a lO variation n intens or t collim d. 

b .. 

l oat!on d magn t or f1 st nd se ond o d ~ 

tl ot1 n of ch e t v s d te in d xt . n ber 

on o etal wae posltione in th a..~ a d otated thro 
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th gl cp h in 0 . • p ot of t unt r t • "" . 
funct on or th gl c; , 1 h th d te or 0 a 

t gl -e- lculat , "8 1n t 
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1 po t n x. e 

r t • , g. 3 d v c or t.h nt. r 

t ·o c w d n t • t 

d J.n th n n tor f fir 

ord length r t o . n al. • 
v t e 1 pl n <i n h c s or 

r on rye al . .:-ocedur as e nt.r.ruod ?" t.h 

. our c or .o nc th clmo • e r ul 

in igs . • 7 • 11 tu 1 1 r 

t\ d ey t 0 . 060 .... t • ! h 

ti or t p v OU ..... ls , ·•a then ac " 
:mb c al hold • I l 1 ic l 

plan rot t d l t unt ri 

rt nct '.on 1 rp 1 n • 
h thio c r e 

1 n ha , nu r ro r e tal w d nd ot t d 

thr h an le tp • no 0 Orf tal. 

nd1e d 1 • l • e t v 

ot t1r nd oond o l" ro e tal r 

to ·r • hen prece dcd b t & thin o ta.la o:r on tb.ot.C 
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e .st l 1a thu v l bl in 11 • 8 and 10. 

In o d r to d te :t t 0 t or ra ti on ot r 
throu les -9 • by a c t 

to fleet 1r&t o~der w v l ngt ' th numb r r "' 
0 t w a 0 ct fir t ord w v 1 n the d 

d tector oved ar out the cr7 tal . a urve 

v als the ount or r di t1on t v r1 ou ault 

ot Co pton so ttor1n d fl o 1 n. d • 1ne 

o tt r1ng ~ontribu 1on, th e tat as os tion ot o 

fl et ond th '· ount ot rad t t the 

bov was ag 1 u d. ln pr n c • t t 

o.t ach det c ,or po one & 1 rte t 

oth in UC · b ttd lft" ot th 
electro 1o u1pment . n tion 1 0 in . • 1. 

Sine • 10 ha lalt- 11re or 129 nd .. .... 

per1m .n 1 ov r thirty d a , it • n oe a. to cor ct 
all d ta 0 eo. mor. , which e th ast day ot t 

x ri nt, wit th tollO':N n r 1on; 
A' e-At (7) 

vb r 1 t co oted acti 1 I 8 h ot! 1 1 t 

t1m t n A is t de y con tan obt in d ollo l 

A• ( } 
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where ft is thci halt- life or the nuclide. A sampl e eoi-~c
t1on 1• shown in the appendix. 
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VI . imsnr .. TS 

The 1ntormat1on gained dU~ing th$ 1nvest!gnt1on te pre• 

sented i 'n both tabular and graph1oal tol'm . 1'he $olution ot 
the first objeetive of the 1nveet:tgat1on1 which \Jae th& d&• 

velopment of a ttu1table f ,a.o111ty ro~ mtuls1u·•Em'l.Et'nt of gamma l'lf1 

retleot1on, ie beat r vealed :tn the photogr1;1.ph& 1n ll'fga. l 

and 4 and by tho drawings tn Figs. 2 and 3. 'l"ho re&\ll ts 

obtained .r~ th.ts arrangef!\$t1t may be somcin.iha.t pe:J>turbed by 

auoh effects aa 1mperteat eolltmnt1on and any !ru.toc:ut-acy ln 

tho meaaur1ng scales. The latter· ctreot ts man1roat tn the 

devi tion 1n t~ t-elt\t1ve location ot the first and seoon4 

order r-erleotiono aa can be notod 1n F1g • 5-10. Thia impor-

footion doos not d1sturb the tnttgn.1ti.1de ot' th reflection. 
1rhe second object1V$ or the !nvotJtigat!on, which was the 

doterm1nat1on or tho ertoct or surfaQ& finish and latt1e• 

d1atort1on upon reflective power. was o.tu)om·pl!shtd b7 eapa:r1ng 

the i-of1.ect1vo ability ot thiree thin OJ7$ta.ls with that ot 
on thick crystal .ln the following mannel'll. 

ThNo thln crystal speoiTl'ttrna (O,.Oal in. thick) were 

indi'Vidually .aligned 1n the eollimttted beam to retleet tir$t 

order wave lf)ngtbs . A fourth oeystal wnti then placed 1n tht 

beam and the difference in 1'.\'1Qgn1 tude of first and second 

o~der t"f.tflectton r1oted. '?hifil .ts a m1HUPJt-e of the efficiency 

or the reflective pow r' or the thre eeyl!ltAl.e and sis sur ... 
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tac • Th cry t 1 r then l'lOV d d c at 1 w o 

th1e ss wa equ l to the a or the thre r v1ous f!'1 t ls, 
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n d or 
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a 

b 
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len th • 

d th 

1 ct n 

x. 

r h cl 

d 8 c d 
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tal r f r ae ho m 

nd1o t s re ti n ee 
or th t ind vidu 1 Q ste.l • 

1g. 9 indio tea tb re l on by r at al 1 

thiekne to th three prev OU cry t l and • 10 eho e 

th err ctivene s of t 0 th1o l to l 0 t 

id nt1 al to th t or t. tbr& n !du 11 al de st l • 

'l'abul . ti on of th d t er- th l t t o oey t 1 e e own in 

l 8 5 a d 6 . 
s oure Wt. pol c ro tic nd b 

1tt d d1all l.t w of t to • ow 

ch r di tion w s etc other t3 • 
"1'h1a nveet!g ti.on w a conpl1s ~ ou ly doscr!b d 
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and the results re shown in tabul r to , in T bles 7 nd 8 
and graphic 117 1n Fig. 11. It can be seen. tho ntire col• 

linlated be was shi ted alightly to the rl ht side . 
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'l' bl 2. Counts ror est bliehin g ray ~ fleet on th 
17st 1 numb r t~o. Cry t l numb & on l n to 

refleot first ord 1" w v lengths • 

Cryat 1 Ob erved Rat& Corr cte et 0. t 
oa t1on total oount c r t cpmC rt ep 

Cm! 

0 4942 494 462 1 1.1 
1 S.306 531 494 216 7. 9 
2 5396 540 0) 225 .o 
3 5549 !5$~ 516 238 • 

4 5620 562 520 242 .1 

5 5229 52) 4 7 209 7. 9 
6 522 523 4 7 209 7. 9 

7 519 520 44 20 7.9 
8 SJ23 532 494 216 7.9 
9 5324, 5.32 44 21 1. 

10 5202 520 44 206 7. 9 
ll 5226 523 4 7 209 7. 9 
12 5089 509 475 197 7 . 

13 5122 512 78 200 1. 

•naekgroun rat · 27 cpm (20 1nu e oount n e:riod) . 
bt r.gth of count 10 1n .. 

o djunt d fo'" ourc eca: • 
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(k1utrte fol' e1:1tabli~,..1.1ng gamma. ~ay rt>1flf!'tCti.on with 
eeyatal number three. Uh:rmb~'t" one ~u1a two ~372tals 
net to re:f'l•ct 'f'i.rst o-rde:r ~~~ve length)°'• 

~* -_li!llfif'"dr ' L .... ( El ' iii M -
Obscrived !ate Correntitid. };f~t <Tiret 

total oount epm f!'(( te c-on1° ra.t~ cpm 
'&11u-1 • • ' " ' • ' • Sil 

egm • I . . n 

5.3f'l6 S'39 504 2::rn 7. 9 
55~6 559 522 276 a.o 
!5629 $6J r.:26 280 e.o 
~193 579 540 294 s.2 
$029 ,83 Sl~J 297 ,fl . 2 

;>954 59$ $54. 308 a.,; 
5900 590 ~50 304 a.:; 
!>810 ~81 542 296 8., 2 

seso 58$ 54$ 299 B.2 
;;924 t~92 

~~ ' "" 5.$1 305 8. ) 

5814 581 542 296 a.2 
$$'99 :;60 $23 217 a.o 
5S99 Sl)O 523 .211 .o 
5599 $60 $22 276 .o 

·'* r i's - -. 

•Background 246 .epm ( 20 minute eounttng period) • 

btength or oounts lG ~fn. 

oAdjust&d tor aouree decay . 
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T bl 4. Count for e t bli .. h n ge. • a r y f'l ctio with 
cryst l umb ~ ( um ors one , 0 n th 
al od to efloct first order· a y 1 ngt ) • 

--...........-...~-.,-

Croy t bserved a.te Gorr ct.d t 0-:: 
po it on tot l oo t c r c: c ra. c 

com -
0 5661 .$66 536 291 · . 2 

1 5690 $69 53 294 . 2 

2 5704. 570 40 295 . 2 

3 5 43 584 553 308 . 3 
4 5876 s 556 311 .4 
5 5829 $ 3 553 308 a.3 
6 5761 576 54!) 300 . 2 

7 5695 570 540 295 ') 
• C.. 

8 51 7 579 5h9 .304 . 2 

9 5'62 563 $38 293 . 1 

10 5631 ~63 .53 293 . 1 

11 5 67 567 531 292 . l 

2 S759 576 545 .,.,oo . 2 

13 5530 553 25 2 0 . 1 

B ckground ro.te 245 c. (20 m nute counting p od} . 

br, n;1th of cou ts 10 min . 

c dju tod for ouroe d a • 
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Table 5. Counts for t blish ng g ro.y et;lt.ct en '1th 
cryste.l numb five (0 . 060 1 th1ck) ' 

c st al Oba rv d R ·e C rr ct d . t v- t 
position total count ep rnto cp 0 r te epm 

en 

0 6059 606 f,oo .356 .s 
1 62$4 62$ 618 37lJ. . 6 

2 6795 6 0 73 429 . 9 

3 6 12 6 1 67 430 . 9 

4 7033 70.3 695 . 451 9.0 

5 6578 65 650 406 • 
6 642.0 642 635 391 . 1 
7 6372 637 630 3 6 .1 
8 6446 64 638 394 . 7 
9 6132 613 606 ,362 .5 

10 6076 60 602 35 8.5 
11 5754 575 S69 32S .4 
12 $688 , 9 562 318 • 
13 $560 ,"56 5$0 306 • - - -

llB k round r te 244 (20 nut co nt n e:r d) . 
hr, ngth of eoun 0 n. 
o djuated for s urc d c • 
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T 'bl<. ~ . ~h 
f;ry.., ·el to 

f"lect 

a--
ry t 1 1bs r·ved R "ot t 

po 1t1o to· c.l count op riat , c om 

0 70 7 0 464 9. 

l 73 9 'l39 493 . 3 
a 7341 734 4 9. 3 
3 7412 741 495 9 • .3 
4 7390 739 lt-93 9.3 
5 7271 727 4 l 9. 2 
6 7209 721 47· ". 2. 
7 7307 731 4_n5 .3 
6 7444 744 49 9. J 
9 7209 721 47$ 9 ,2 

10 72.26 723 477 9. 2 
ll 7110 711 46t:' 9. 1 
12 7235 729 4. 3 9.2 

13 7143 7 6 . 1 
-

aaac ground 246 (c.O inuto counting od) . 

b!,,on h ot oounts 10 min. 
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!J~ ble 7 Oru r . r Ll ct on urvey us1n cry t 1 ·m > r 
f v (0 . 060 n. c ) 

---
toe tor Grose Tir.?O Counting t t ~t 

po.i io oo :m~·a n . t' , op. c c 
( d g os) (o scr-v d.} 

- .M 

+) . 15 $587 10 559 .31 9 
+2.57 $821 10 5 2 337 9 

+2 .0l 7056 10 706 ·61 1.0 

+1 . 43 7 9 10 769 524 0 

+o. 86 8386 5 1677 1432 
+o . 29 10.3551 3 34517 34272 109 

o.o 137673 3 45 91 45 46 5 
-0. 29 12549$ 3 41 32 415 7 133 
- o.86 176 9 5 3$3 3293 26 

... 1. li.3 )377 l 63 .39.3 
- 2. 01 t" :> 9 10 .$01 2~6 

-2.57 4909 10 f 1 24 

asaekg ound to 245 Cpr.! (2 inute cou tin p rod. 



T .bl" .• -a:mme. r>a) ece.tterin.3 eurvoy \.1th c:ryatal numbo?' 
t1ve {a .060 .1n . thick)a 

;eteotor Grose 'rim.G Counting Met cl11et 
po 1tion ()o~ints HJ:n . :>tt~:e • cpm rate cpm 
(degrees) (obsor'lted) 

+J . 1$ 4834 10 lt.83 2.38 a 
+2. !)7 520.3 10 $20 27$ 8 

+2 .0l 5~J12 lO $07 262 9 

+1 .43 62.97 10 6)0 385 9 

+0 .86 7985 5 1597 l.352 18 

+0 . 29 974h4 3 .321~81 322.36 104 
o.o l.3.3l~80 3 lf.4493 Li42l~B 121 

- 0 . 29 125713 J l~.1904 ij.165'9 118 

... o . 86 1767J 5 3~34 3209 ~1 

-1.43 ·016 10 802 557 9 

... 2 . 01 !)(150 10 !)6!) 320 9 

... 2.$1 5218 10 $22 217 B 
...... ~~·~~·""~ 

8.Backgrcund rate 245 epm (20 minute counting period) . 
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VtI. SUMMARY AND conott18IONS 

The oxperl.11lental tac111ty developed in tbia 1nvest1gat1on 

ap:poal"s to be .n..dequat tot- measuring the Petlcct1on angle ot 
low energy g~a .r-a.y • Th4 pM);v1ott!lly ~nt1oned 1naeo\tJ:tae1es 

in the moasuri:ng seales and 1mporteet ooll1mat1on 0-f t..he g~ 

ray beam limit tne us()i'\tlnass or the taoi 11 ty 1n the high 

onergy gamma ra1 range ,. f.., positive m•tbod of irotultt11 s the 

crystals and nleo n mo:Nt ac:u.n.irate rti~ s.ns ot measu:r1ng the angle 

ot rotation would l"G?.1J0d7 the f'iiost def'tei<+ney • The col11ma ... 

t1on o'f th.e berun eould 'be 1mpN>ved: by lengthening th col• 

l!tt1at!ns bloc,k. s::tnce the rays aM) emitted radially from th& 

source, per:C'ect collimation llOUld bo 1t~poos1ble + 

The total observed eount!.ng rate , when the detector :lo 

positioned to r•eee1ve tii."st order vn:v-e length$1 oonta1na a 

nigh percentage ot baokg~ound counts . Tb.is leads to some 

sto.ttsttcal 1naeourae:r in the counting rate . A method ot 
d1.scn:•im1nat!ng against thi e type of :ro.d1at1 on would 1mp?tove 

the ueatuln~sa or the :f'act:ttty. 
The method ot eomp$.r1ng t~ retle-ctivo powo:r ot several 

orystels by eorepar-1ng the magnitude of first and eocond o-l"det-

rotlection. ao dev•lop~d t»i-o • app1.'uJ.rl to be simple ood 

reasonably -..courato. 

1.rhe results of the e.xpar!mentat1on indicate that t~ 

distortion of tbe lattice atructuN of the :ilpecimen obaerved, 



which was assumed to bQ repre11Hu1t4t.1ve ot a typical un• 

stl'ained, single e:ryet l groun in 4!lf.)OO!"danc . with f;ood lab-

oratocy praet1.ee , 1• not &nough to o.tteot groealy 1ta 

effoetiv&ne&s. as a gc.un..>q. vny rerleoto~. rt the 1att1c• 

tttvuetu~ had hoen ao badly d1et0l'tod that only a few tondo 

distances could bo align d , one woul6 o;tpoet the ttefleotive 

power of the three 1nd1v1dually aligned thin cryatals to b 

th o times as erre-otiv$ as that ot one thick eeystal . Com• 

parison of F1g. 8 antl 10 1ndieat& this 15 dofinitely not th 

cas• . t1.lso, 1f the s.urfaoe of tb4 c17stil g~ctsly affected 

it etfeet1vane8B as a ar,ma ray ~flsctor,. one would age.in 

· xpe.ct the retl&eti\l'& power ot tho three thin cpyatals to be 

greater than th&t of the a1n;::l• tbick e17stal . 



Tbe exper~ntal teeh.n1qu6& and ~e•ults d~velop$d 1n 
this 1nveat1gat1o:n b1d!oate ~ulvel"al other areas worthy ot 
.further etµdy. 

The teobrd.quo ot comparing thG etr1c1eney or ~tlootion 

of crystals by the method davt\lo-ped her-e ean na ut111tt d 111 

13tudying th• e.tf'1eieoey of various other type• of eey•ta.ls , 

which may be s'ttPt'il"1or to the z!ne crystals for ce:rte.tn wa"o 

length$. Alao the reamltt:t ot' thi& the&1$ 111d1cate relatively 

thiek er7stal• can \m used as ntlo.etors l howev r , thel:>O ~ar 

be an optimum thiekn4'lsa at wb1e:h Compton a:catte~!ng within 

the crystal. w:11l t'Oduc th.c 1ntt'lnsity of re!'lcct!.on. 

'Chis !nvootig~t!on was pr1nu:a~1ly eoncbm&d with th& 

re!'leot;ton of gat.'tm.Q rs.rs ot a certain ena:ra. l.:n ordoi" to 

develop Qn opo:rational renectivc typo ,$h!eld, of'fioietJt 

~tlectors fol"' ~J' other wave len;ths $.~& ttOOG$fiUl~. Tho 

1nvcust1gation of various methods of mounting crystals to 

reflect 11 bi~oad rango ot sner,g1<te ie opthl to further study . 
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