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ABSTRACT 

The probl8I:1 of rc.vealing flaws 1n metal structural members 

uni rnachlne parts is reviewed in general and the possible development 

of u ne r technique baaed on radioactivity is di~cussed. Recent orlgi­

nd research on this suhje~t is includedo 



IJjj<horiza tiorl 

This worl· w&s ~thoriied by Bureau of Aeronautics letter 
•52-YAH L5 2(1) JJ/J,-1 of 14 Septen1ber 19.)6, with Bureau of Jngi-
~ f irst endorsement JJ46-l/L5(6-9 Ds) thereto, or 17 September 19.36. 

temcnt o( Problem ·-
2 Tbe problem stated in general terma is to find a suitable method 
t • of methods whereby naws produced in non-magnetic materials and parts, 
e procesnes of fabrication or by use in service, may be advantageously 
led• Materis.ls and parts of particular interest ar-a those in use on 
aft where the presence of faults is a very serious matter. 

own Fucts Bearing on the Ptoblem 

3. It is "ell to review ot th.is point methods that mey be applied to 
proble~. Many kinds of tests have been descri:>ed in both engineering 
atent literature, but thoy may be divided into several eroups. 

(1) RadiQ£rn~hic methodo. When the defects nro large, such as 
i nternal porosities and cracks, X- rt:J¥ and gamma radiography may be 

~red Unfortunately, in the prenent state of development, neither 
11 or gnlll!!la rnys can reveal very fine crocks. 

(2) Surface exw:unution . lt is possible to find exceedingly fine 
1:0 defects by sui tabla propo.rntion and examination (by microscope if 
,anr;) of the surfnce of the teat object. Tho disadvantages of this 
l oro that only defects thut reach the surface aro revealed and that 

,,es no cood indica ticn of the importance of any observed defect. 

(3) Electric current methods When a steady current is paosed through 
i; picce~hec~;ent distrlb~tea itselr through the piece in accordance 
, r csistonco chnracteriDtics of the various portions of the test object. 

Eit uro of tho .flow lines near the surface of an object may be revealed by 
t, of the equi potential lines as deteria:ined by probe tests on t.he surface. 
and fissuren neor the sur.face may cause a disturbance of the pattern of 

llnec DiSlldvantages of this method are that the method is exacting and 
ious to follow 

(4) Therr.ial methods. He{Lt nows according to laws similar to those 
ing lheflo;·or electric current. Thus, the principles of method (J) 
ed, tho rocorded potentials are now temperatures, and the distortions 

tempernture field plots uro taken as indicative of the possible ·ex-
ce of faults. This type of mothod is even more involved in its applica­
thnn mot.hod (J) . 

(5) Magneti c and ~eJectrom~!.tiC methods.. Magnetic power methods of 
ing defects ouch as the "magnaflux method" hnve become popular and much 

in the testing of steel nnd iron parts, but unfortunatezy these cannot 
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be applied to non -maJnetic m"tor i ols, For t ho•io mAt.erl·u.:, , el~c-tromagnotic 
gethods ~ust be r osortol to A mentione-i bef~ e, the current listribution 
· n a test piece ::.·· be ,,..rli f_od .....,J t · :-c .. n_e of crnck- flaws and the 
~~ 'C.endun ·, llk:itne• :·: iel-! o. he current throu ·h the test piece mieht also 
Jho11 irregularit tes. 'Ihe chief difficulty in this iden if' that even with 
. :-.rong cur .. ents P1rough the teot piece, the circular field strength is of the 
-Jar of o. fe r uss and the difficulty of shol'l'ing :;mall irregularities ln 

; 0 ~~ weak fie_d~ is not easily ow-mounted. Eddy currents ore induced in all 
~ t allic conJu o~s when placed inn chunginc magnetic field. The course of 
•ne·se currents will be altered by voids and fissures ith an attendant change 
:~ the 1.ountcr-field :iot up by the eddy currents. If means con be developed 
.0 makP rull uoe of thi6 principle, this method should hnve conoiderable use; · 

(6) ~-methodri There ere various methods that cunnot be cl!lssed 
;.oder •,ny of tho preceiing eroupn. Among those methods nrc sonic methods, 
~cs tructive performance tests, in hich a group of p~rtu is judged by the pcr­
forn. ,nce of randocly chosen pertn, and so on ~ This report ueals with a method 
which seo.ns to have onoueh ad·,untoges und possl bi li tlc::i to be worth developing. 

4 It hn s occurred to tho writer that rad lone ti v ity mleh t bo employed if 
- ~~nr are developed for introducing rndioactive material into tho fla sand 
porol~tics of the metal piece under tent Tho first possibility that cru::ie to 
m .. nd , 1s the diffusion of gaseo through motnln At elevated temperatures this 
diffusion proceeds roadily and a teat piece enclosed in a chamber conuiining 
::- don or thoron, r.hich arc ensoous radioactive emnnntions, woul absorb tho 
·~s, proceedine mo:i~ rnpidly wr.orc the porosity is grc3tost. 

5 Once wlthin tho metnl and in groatest concentration at points whoro 
!'.nu .. havo provided space for collection, tho rudioncti vo material is in a 
posi L:>n to indicate by i ta radiations the location of fiasuren llDd pockets. 
".'hin 'Cly be done by photogro.ph.Lc mnterial around the toot pieco if there is 
sufficient time to await rosultl'.3 or by tho more scnsltivo electricnl. detection 
1.:-,paruius employinc ionization chocbors and tube countoru. Tho above mothod, 
r~ evir, ha3 serious drawrocko in that it is not easily done, that it is likely 
to be very oxpeno1ve, and also that there will be considerable danger to the 
operators froo the gaseous rodiosctive material. 

6. An alternative possibility h1ch does not hnvc these diaadvnutagos, 
but is ir.ore limited in oppllc8tion is tho use of radioactive liquids which 
get inLo surface crncks rci..dily enough and porhops oven into the z:iotal via 
porou3 channels if sufficient hydrostnUc presourc be oppliod. (The exnmple 
of 110 otingn natcr through brm33 valve costines may hcnr this out.) 

?. The feasihility of tho latter ciethod dopendo upon how powerful n 
l iquid or fluid 6ource con be mode and alAo if ootisfnctory diffunion into 
crevices nnd porosities will toke place. mu.lo it may bo unable to locate 
i solated blow holes, auch defocts are better locoted by radiography anyway, 
nod thia ciethod should be looked upon as a supplcmentnry rathor thnn a gon­
ornlly applicable ~ethod. 
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s. Tr.o c.; "'enc 
,, , mine i t mor t.r.i 

~rob:~ t t o. 

of t~,c i 1f>" ..,,,. r g be6n :;et fortr, 1 t ic now necoasory to 
call t1r. « h&tover sc.entitic facts beorlng on 

loble. 

5 . F t wO b c ~~idered io the source of radioactive mnterinl to be 
u O ~n t: ~hod ':1,-.e principal end boat known rodloactive elc::onts ore 
uranhi"t, r UUJ:, nn t rium, from hi.ch a number of other rndiosctiv ma.teri-

1.J f on:ied by n ur 1 rndiooctivo dieintegration. Ur<1n1um sv.lt.s are alc-
l_T r onc tive and servo mosUy os oourceo for preporlng radium. Radium oalt 
i pu-• f or is a powerful nource of radioactive radletions, but is v ry ox­
p,n.,i'-"" , 'I"lorium (Th), like ur£.nium, ls cnk~ activo but serves a the 
rinl 1 r preparation or the po rful meaothorl um. Since Tb is coc;norci(l.lly 
8vnilctle ~n the fon:i of Th02 (for rofractorioe Wld incsndeocent eaa nU ) 
lit. f o.irly 1·eueonable prices, it BeeJDe to be· the logical radioactive ri l 
to clJli !.c7 · a prncticol test of the described aethod. Some of tho rndiDActi 
propcrh~:- of Th may now be briefly described and tho avniluble n riqol data 
be lit tea. 

10. Tat le I sho s the properties of the thorium fWlli~· given 1n order r 
thejr disintogrLLtiono A atudy of this table show:J that n 111£168 ot thoriUIA 
.inl t, which io old enough to hllve present all the decuy products, 1 t oevernl 
typef, of rndie.tion· a- pe.rt1 cl.es, ~-particles (electrons) 1J.Dd gama r IJ! • 'l'bfl 
ir.tonui t.ie:; of theac radiations, howovor, are 11ensured by tho amounta or 
kin i of elcr.cnt producing them, so for the present prot-lem it io of icportc 
lo c:it.lm:.te, at lenot, hilt e ma, expect. The bulk of the given tcrial. i 
thorhc. This gives off only a-particles of 2.7 cm range and giv fl off 
4 5 x 10J of these a second per grrun. Ho1'10ver a grrun of Th in equil11'-l"1 
wl ~ all its accny products gives off 2o7 x 104 a-particles a second. ( 
com1 rri~on, 1 gram of radi1.11 alooe gives off J.7 x 1olO a-particlov and in 
equilibrium l~.l x 1010.) Tho amount of' mesothorium in equilil rlUII with l £J 
of Th r.as boon found to be about, 0.52 x 10 7 grams. The amount of DOthoriu::, 
produced by one gram of Th per year is around 3 micrograms per kilogr • 

ll . In ronpect to a-particle radiation, however, mesothorium is 
ns ~ctivc, weight for weight, ns radium. Tho comparison Cln the basis 
rnyc is core difficult, but gives about the SW!le figure, 300 - 50(). 
:;old commcrcit:illy and its stated olght is given as the weieht of n 
e1uivolent wcjght of rndium. The nmounts of the other active product• hich, 
wl th t!.e exception of RaTh, have short half-lives, present in one groc of 
thorium, arc nlso very cl:lllll. Thoron i:;, a gas which decomposes into the ·---•·--­
ThA, civing the surface it condensec on inducod radionctivity. 

1.2. Summarizing the a - ray activicy of Tb ir. nbout 10-6 t.o io-7 of that 
of rudiw.,, grna for grem, depending upon the amomt of dect17 products pro nt. 
l he gom::in rny &ctiv1ty is such th~t 6.85 x 1o6 grams of Th are ga.mmn equi -
l cn .. to l gram Ra while 19.0 x 100 ~nms of Th ha.a enough meaothoriWD in 
equilSbrium to be gru:.ma equivolent to l grrua of rodiU,1:1. In plain ton:is, ii 

trru:i of thori w:, in roughly equivalent 1n its radi oac ti vi cy to a micro~ of 
l'O.di u.:i, 

13. Having discussed the aost renc:Uly availnble radioactive material 
itself, the next point to be examined is th sensitivicy or detection methodo. 
1~o cothodo are in general use for detecting r ndloactivityz (1) Photograp}v, 
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(?) · Elc::<;,rlci::l ioni zr. tion oethcd::;, 'I'he fon:,er is the more dA~iroble in 
prr.ct icsl u .. o, bu .. usm.ll.7 rer:ulre s time ond is not co.pabJ.e 01 the high 
senai H d t,y ob Hir.o '-,. C' tJy the ele.;; t r i c I:le thod o 

14 To form an ideD of the effectiveness of the photographic method 
tJO,'"::') ti.,.J~•~ ., given by H PrzibroL1 (Mi tt Ra.Jnete_lJ9; r.ien Ber. 130 (1921~ 
?''' ore l, sted in 'I'able I1 These compare the photographic action of a, p, 
m.rl g'..z:ms rr-.ys o.nd lir,ht raya in tems of the energy required to bring ubou t 
er. n1::e· in Uc photographic negative Tho~e fieures or.ow that from ten to 
n •.,.ndrcd times iroro energy per square centimeter is required for detection 
of n:hor.cti'.e rndif.tions than for ordinary light, but there are good reasons 
fo t , For example, an a - particle may strike at most four ,:ir five silver 
bro!!ide grtdn!" in tho 011-ulsion before its energy is ubsorbed by the gelatin. 
I\' ...... r ou goine further into this, the figures indicnte reauonublo sensi t.ivi ty 

- fer a-particle detecticn. (Photographic detection of o single a-particle is 
por.w .i tlo hut the negative l!IUOt be examined by microscope to show tue i,tre~k 
produce.cl hy the a particle ) The threohold nwnber of a-particles (10°/CJD ) 
allo\1. detection of fairly small qu.nntilie8 of radiooct.ive materiel if rea­
oonn~lv time for exr,osure is available, Fore concrete illustration~ l gra11 
of Th cive1> out 1o4 a -particles a secondD A microgram will give 10·.:': particles 
a second or only one in n hundred seconds, Suppose, however, all the po.r­
tides from th!:; minute r.1101.mt pn.3s into 1 squorc clillimeter of photographic 
~ilm fvr ten day~, or ubout 8 .6 x 105 seconds~ The number

6
or porticlea is 

8 6 x 1c3 oni t hoir number per ~qunrc centimeter 0.86 x 10, which io just 
on the quote'1 thrcshol d value.. I.f the figures are corroct , such smsll amounts 
n5 one adll:ionth of a grru:i of rrdioEi.ctive mnterinl ure photographically de­
tcetsble du(j to thc::ir a rc.ys If ue·rc,dioactjve materitl is carried in 
w ter or z.n o:1 in such ccnccntrntlon tha.t there are 100 mg/cc, the volw:1~ 
occupiec by the radioocUvo Clllteriul, one microgram in weight, 1r, 10-.5 cm-' 
or 0 ~01 cubic millimeter This is about the volume of a fissure 0.01 mm 
11ide, 1 mm long, ond l cun deep, o. crack of the type sOllletimce appearing 
oot·:HJer, r,r:nnG in photor.ii crogrcphs 

l? lt is not likely that the .full the0rctlcol capability of the photo­
eri.ph.ic :nothod ~ill be rceli~ed in practice, but even if the method io lesa 
... ensi ti ve by u factor of ten or a hundred, the method will still suffice to 
:::r.o.:. up large surfbce crc,cki; such aa ore revealed in 111r!11gnanux" testing. 

16 Tho electricnl mothod haa some advantages over tho photographic 
method in thnt it is rnorc sensitive and requires le:Js· time to make a test. 
On tho other hand, it has sane drawbacks which will be mentioned in the 
following discuasion 

17 The electrical method or detecting radioacUve radiation is based 
on measurement of the amount of ioniwtion or electrical diueooiation of the 
atoms or molecules of air or other gao through which the radiation paeaes. 
The icnizntion of tho gas allows the passage of an electriccl current bt}tween 
electrodes placed in the ionized gas and the magnitude of this ionization cur­
rent is o. meacure of the ionizo.tion produced o.nd thus a measure or the in­
tensity of the radiation producing the ionization. kr~ workers measured 
the ionization by means of an electroscope. since ite rate ot discharge mea­
ouren the iooi za.tlon leakage current. More Jl1Qdern methods possessing greater 
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sens~tivity employ ionizntion chnmbars which are esncn+ic.lly gas filled chambers 
conteining a p Lir ( • electrode kop+ at some hl.:;t:, sh,uJy d-c potential 
(usually 500 - 2, 0X> volts). Any ionizntion produced in the chamber then causes 
o curren t, t o n ow :ot,10en the electrod~a The current is meomired by some 
sensiti ve device ouch ns nn olectrometer or a vacuum tube amplifier system. 
Apparat us of hi E: t.;po i:oasess l1igh sem11 ti vi ty and are cspable of recording 
the ioniui tion iro uced lr✓ a single a particle. Since 1 gr,;,m of thorium gives 
off about l o4 a purticlos per second, a microgram will give off only la­
part icle i n 100 seconds on the average, which is too little for certainty 
since accidentul dischnrges in the olectrometer current occur. However, 
electronJ an~ gnJ:lllln- rsdj r.. tion ore ulso being emit. ted oo thn t the ionization 
proouct is probubly rnorc than estjmnted Furthermore, if rnd1um is used in­
stead of thorhm, whict. elllitu 3.7 x 1010 a-portic.los per 3econd per grruo, a 
thou ... c.nd,.,b of a microi:rum will give off about JO a-particlo3 a necond, which 
should !r- ~uite defjnitely detectable by the electric method. 

18. ::;1nco it is knoffll thot l a-par ticle generates 2.2 x 105 ion pairs, it 
is e•Jy to esti~"te the ionizntion current duo to a grnm of radi\Jl'J. Since 
rod t UJ:1 ecitr J 7 x 1010 o-po.rticles per second, the tou..l number of ion pairo 
produced is 

J 7 X 1010 X 2.2 X 105 = .8.)4 X 1015 

If e 1cl1 ion currioc one clo~tronic charge -

the ionic current or chnrge t;enerflted per second is -

8 )4 x 4.71 x 105 = 3.88 x 106 e.~.u. per second. 

Since ono empore second or coulomb= J x 109 c .s.u., tho current in ordinary 
ru:iperoD ir, 1 i9 x 10 1 The ioni~otion current due to tho a psrticlos of one 
microgrom of rn11um i~ thus 1 29 x 10 9 acpores Modern electric vnlve and 
calvonomo:er circuits can detect currents of 10 l4 to 10 19 a.mpcros, However, c 
many electrical de' oct lon dovicet, do not roly on a steady current, but by meona 
of l.. high potonti&-1 utili~e tho smo.11 amount of ioniz.ution l uilt. up by a 
ol11gle o particJ e , 

2 2 x 10S x 4 77 >. 10 lO = l 05 x 10 4 e .s u. 

= 0 35. x 10 13 coulombn; 

to Couse otill more ionization ly o sort of high tcnslon arc. Ono fonn of 
Goiger a - particle countor works on this principle. Do~clopmont of Geiger 
countero boo been extenoive due to roGenrch in radioactivity. A recent type 
of appnrntus which cor:ibines u counter flnd a vacuum tube metor circuit and 
kno·1m '\S the counting ceter indicutos directly the nvernge rate of arrival 
of' electrified particles. (NoSoGrinerich, R.B.Evans, and H.E. Edgerton, Rey. 
Sci . Inst, Vol.7, Deco 1936, pp.450-456) Counting ratos from us low as one 
por second to sever~l thou3ond per minute are road directly on n meter and 
the whole apparbtus is portable end suitable for routine determination of 
amounts of radiooctive materials in minerals, organic mutter, etc. A device 
of this type modified for the proposed inspection method should allow de-
toe tion of qui to small tlefectn according to the above considera ti ens. 
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19~ So far no 1:1ention of t ho ionization due to ~-pert clea 
r ays has been made. Hov.ever, the ionizations produced by rti 
particles, and gamma ruys stand in the ratio 104:102:1 so can Stlf 
a~Y t he major r~rtion of the ionization produced a.round rndi ctive rial 
i~ due to a- particles. 

20~ Tho above discuasion has indicated that vecy small a.JiW\1llts of r Uo­
lCti ve material (in the caae of radium, a thousandth of a Dlicro~ ; int 
case of thor1uo, about 0.1 milligrwn) are detectable dir cUy w1 thout. need 
for tice as in photography. If thoro is time for cumulative effect of radio-
active rndiationo, the electrical method is capable of detecting ext y 
minute amounts of radioactive material~ 

21. In the above, the theoretioo.l coneiderat1ons in regard to the 
radioactive method of inspection have been given. These ahow that the mot 
might be capable of dotecting all sorts of surface <lefectD and poaoibly in­
ternru. defects where transfer of radioactive 11aterio.l into the interior can 
be accomplir.hed. 

;;EXP;.:;;...;;;;Ela...U __ KEN ___ T __ ~, _!L~ 

(n) Test of _Tllprium 0xl:49 as a Ra.dioaJ:tive Sourc.1 

22. The experimental •ork deseribed in the follorring pages waa started 
on Mey 17, 1937, with n rough oxporur.entAl sot-up to teat the photographic 
activity of a sample of thorium oxide cf' which there was on hand a supply ot 
aevernl pounds. A oma.11 thin-walled glass phial containing 8.22 grace or 
thorium oxide ffll.S plo.ced in a light-tight ca.n, as shown in Plato l(a) and (b), 
along with a strip of X ray diffraction film having metal to.atenere along 1 ts 
l ength., This arrangeaent, while rough, provldeo a range of source to f'ilm 
distances from almost direct cmtaet to the diameter of the cen. Plate l(c) 
showa the film obtained •1th eaae photographic densit.ieo deterained at several 
points along tho tilm.. The time of expoaure 'fftlo fifteen deya. The tilll sbows 
considernble denoity at points r.ear the aourco, but a slight denoi t, which 
does not clumge much with distance farther away from the source. The black­
ening nenr the i,ource 1::i duo mainly to corpusculo.r radictioo such as a- end 
P rnys hnving suf!'ioient power to penotrate the thin gla.sa 11. That farther 
out ie duo entirely to gamma radiatia1. This rough prelil\inary experilllQnt 
shows that thoria has a very oftecUve action 'on pbotographic film at close 
ranae and o.lao gives a rough quantitative bnsia for eoti11atin1 offeots &t 
l arger distnncee. 

(b) P,rogyction of a llaj.d ,Radioaxti.Y! ~ 

2.). Unfortunately, thol"iuz:i oxide 1 a very insoluble material and to 
P."'Oduco from it a fiuid radionctive aourc is ditticult. Therefore, ~ tirat 
Uquid oource experimented nth wa1 thorium nit.rate eoluticn, 11.nce tpie aalt 
1a quite aoluble in n ter. 

24. t'latv hea aoae obvioue diaadvantas•• ae a nutd v1bJ.ole, au.oh ae 
tend fJT to ruat t erroua aurt aoea o.nd aleo 1 te eu1 ta bill v a1 an eleotrolfte 
llld.i~ 1n trhiah d.iaeolved Mt.al 1cc ~ be eleotrocbaical.1"' d1aplaoed. 
Mtv rtholeu11, e pNt11minory teat• ·"re made ua1ng thorium nitrate solution 

1
18 radtoaot1v tluid in location ot det10t1, Theoo wUl be D1Dt1onecS apin 
ater. 
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.::5. Oil , espechlly a li t:ht oil of the penetr a t ing type, seems to bo 
a ve ry desirable vehicle fluid. Somo rough a ttempts to get. vnricus thori uz:i 
salt$ i n t o oil d irectly ~GrG not successful , Two possibilities, however, 
er e open: ( 11) l•or.nlltion or a thorium soap which will dissclve readily in 
oil, Bnu (b) the formn tion of a thoriUlD phenyl compound similar to the lead 
te t.r aoUzyl e~ployed in gacoline. 

2o. Th1., firs t posHibilLty was tested out by llr. Singer end tho writer. 
It M ld foun:i po!::siblo to muke a thorium soap by Hdding liquid soap to a 
t horium nit.r,•e solution at about 50° C; ttte precipitate or thoriU.t'I 3onp was 
fil teroc. off t,nd dried in an oven n t low heat. The dried soap wus ell viued 
int o 0 • .2 grru::i samples and numerouo experiments "ere carried out to find a 
sui UJble solvent for the wap. Out of some 22 or ganic solvents tried, the 
only ones of promise were linGced oil, castor oil, ond butyl butyrate, the 
lus t being the best. It ~aa also found that the thorium soap fiOlution in 
l;utyl Lutyrute could then be dilut,ed with s. light mineral ·011 knoffll by the 
t r ade nruno "ultrnseno. 11 

,7 The other possitility of using metal phenyl compounds wus not tried 
due t o tno lL.ck 01 uvailoblu knodcc1ge nllout the preparation of cuch compounds . 
Cr.cr.iicol cne,a)o•s 11ero con::;ulte<l, but no thoril.lll phenyl compo'l.mdS were listed. 
'1'i1i:: po.3 ... i~ ili -...y should not be forgotten, however. · 

·,g In view of the ft.ct. that a fni r qu nn t.ity of thorium oxide was avail-
:. ! l e , the .. ri ter cnrr· ro out sooe experiments oo making soap solutions from 
th.i. .; '"':tterial in.1te .... of the n.:.tr,~te. Briefly, the oxide lt'llS converted to the 
:;ul.p! .... tc '!,y Jigc:.1 ior. with hot :Julfuric t•cid, The sulphate was dissolved in 
writer nnrl trentod with nmmoniu:.1 hydroxide to proclpitf,to thorium hydroxide . 
Fro- this point the well knoffll procedure of trooting n fatty acid with a 
hydroxide to produce n soap (mewllic salt of the fatty acid) was fol l owed. 
Sol ution~ of stearic hnd oleic ucid ncro treated with the r.et thorium hydroxide. 
T!;o hot sc,lutionG di::;sol ved the hydroxide cocipletely, !.he oloic acid solution 
r e :,.,inine clenr at roor.: temperuture, the stenric ncitl freezing as expected. 
T::e~e solution.; ,.ere tl.c.n te:.te<l fo r their solublll ly in light miner al oil 
~l : rnseno) und 1t.Lilo ? oth the :;teoric and oleic ncid nolutions would dissolve·, 
o:1l y tbe ole~c acid solution woul<l romnin clear en standing. Experiments to 
~ce how gr<:u t " con cori tra tion of thorium can be in troducod in to mineral oil 
in tr.is r.uy huvc not yet been c&rrled out. 

(c) Tests of _Radioactivity of Solid nnd Liquid Mnterlals 

29 To te~t tho octivity of tho vor ious matoriuls use ~as made of a good 
electrozcope of Fr~ncb mnke, especially de~igned for teoting r adi oactivity of 
sl:Ulll obJects and small samples of sults of greases and oils. This i n strument 
is ~1own in Plate 2~ Tne rote of discho.rge detel"'lllines the activity of the 
sample. Table Ill shows some diLJchargo ti.mes for certl,ln rndioncU ve materials 
worked on. Tho ·octivl ¼' of the thoriuc sonp ::;eems to be quite good, bu t that 
of the ::;tearlc and oleic acid solutiono rather poor. This is to ~ eX'P4'cted, 
for he ~eitht concentraticn of thori um is pr obably l ess and t he epd~~ion of 
a - particles confined pcrh:Jps to the ver.1 outside :rurfo.ce layers. 
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O. A eearcli for itctal :.pccimcns hnving variou.::; surf cc d tects whicu 
could o u:;ca for trying out the radior,cti ve method ot inopection gave a 
piece of ~ronze stock having bnd longitudinal crncka nd some zinc plo o 
1/2 ir _ 1 t'11ck which had been used in bullet-stoppin cxpori.r! t d re 
full o cracks of all types and sizes. 

{l) Test of r8tlionctive oil as fluid source for sho ing 
dcfect3 in sh~ttered zinc plote. 

The oil solution wa~ mnde up.as follows: 1.99 gr a of the 
thorit:.::i soap mnde as described above rrere dissolved in 20 cc of bu~l 
hutyr, e (hot solution). "Ultrnsene" oil T1ll8 then added until a solution 
wati obt~ined which would romnin cleur when cooled to room tomporoture. With 
~ tov volume of 150 cc, thi~ solution was clear and flowed fl-eely when lulce-

The piece of zinc plute with shatter cracks s plnced in tho 
w•,r me' - ad iooctive oil and left there about an hour. T'no r,iece wos then re­
_Hed ! ... oc the oil, i t.z ourfi.ce rubbed dry, t n rlpod rl th un alcohol­

o~ke< cloth and finally rubbed dry again. The piece was than pl c d 1n a 
1.:.er.t- ght. cc,:n with photographic film ao shown in Plate J, which aleo shows 

£ r~ iographic films obtainod nfter on expoaure time of about one month. 
: .. e m .1er of blackening of the films auggests that the oil does not rennin 
ln the. cracks but. creepo a.11 over the test piece • 

.,1. Experimonts using a woter solut.ioo of thorium ni trnte did not give 
11Uch b tter results and will not ba described here. 

;~ The next experiments to be described are of n different type. 
InJtotd of using a 11quid medium for tho radioactive source une oo CU1do of 
a ..,'"! cc .. c, containine 1-horlu.."'l oxide which was introduced into the cracks in the 
te3• r-ece ... by means of hydrostatic pressure. Plate 4 shows o pressuro vessel 
suitar le for use with small specimens, the rndioactive grease (contains l gram 
of +horia per cubic centimoter of petrolat\.111 jelly), and tho cassottes used 
for p!.o•ogrophy 

JJ The test apecimono .were packed in the pressure cylinder 111 th enough 
thr~ium grease to completely cover them, the cylinder was then closed and 
pre ..... uro ws applied by monna of o botUe of comprensed air. A presoure of 
around 1000 lbs / sq in wns allowed to rcmnin 1n the cylinder for several 
hours The to:;t pioces were then removed and their extemnl surtacee thorough­
ly cloancd with benzene, ether, and n dry cloth. 

J4. Plate::. 5 and 6 ahow two of tho specilllcna and the phot<>gl•aphic re­
oults of the experiments. The spocimene were placed 1n ne lieht-Ught cans 
n1th photocraphic film and the exposures lasted five days. Plate 5 shows the 
results on a round piece of bron2c bar otock. The films, however, were not 
use:l baro in this experiment u na done in previoua o,q,erimonto but 1f_qr 

apped in one thickne!ls of black paper o.nd were backed by lend foil. Re­
sults nnd conclusiono from these exper11D8nts will be discussed later. 
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J5. I n addi t Jo~ to theso prac•:cAl exp~ric~nt3, 9omo oxpi"ri ont a woro 
carried out to test ~e po"sibili ~ l of imp o .... :>togr• p..!c ac U vi t:, 
of t he sou-i-:c. , ... erl1tl. i n - _s otill in progreso so 1 t will not be 
dJ 'icu:;saJ rul J in this r .,._,rt. Th-:? following facto, howover, have been 
6 .,tablish : 

(1 ) The photocr.iphic activi ~Y of a thorium po ier sourco 11ay 
bo improved b;., about 10% (as m.oaoured by the increase in 
density of photographi c blackening produced by mixing in 
with tho powder such fluorescent materials os calcium 
tungutato and bariu:n platino cyanide. (These rosults ap­
ply only to bru-e film and dry powdorej thorio.) 

(2) Mixing of thoria into vosoline reduceu the acUvl ty or 
the thorlo by a large amount (2.75 to 1.50 in photocraphic 
density). 

(J) Prepnr~tions of thoriuD t\vdroxido di3solvod in oleic and 
stearic acid 38 dcocribod in provious p~per givo fairly 
good photographic donsltios but their dilutiona ~1th 
"ultrasene" oil 6ra not aAtisfnctory for exposure tiE1en 
ao short a:3 o few days. · 

DISCUSSIOil AND CONCLUSION -- -- ·-------
Jb. The experir:aents de!;cribed briefly ns possible above mo.y now be 

reviewed and conclusions given. 

(1) The compsrsti·1ely chonp thorium snlts may serve ns radioactive 
material in tho proposed cethod for locating faults. As shown in Plo.te l(c) 
the photoeraphic densl ey obtainod using thoria is good ,rhen the distance 
betneen tho source and the til.D is small which is not an objection in t.he 
proposed type of test, where tho photographic materlo.l will be pl~ced prac­
tically direcUy upon the aotal nurfnce to be studied. 

(2) Rn<lioactive liquids or plastic sources ror indicatinc the 
presence o~ faults mny be produced in a number or ways from thoriWll salts. 
A concentrated water oolution of n radioactive ealt is perhaps the simplest, 
but uore deoirnble for·reaoon5 already given, is an oil bearing a radioactive 
1:U1terial. Methods for mnking such oils nre described in this report. · 

(3) Practical experiments haye been described in nhich radio3ct1ve · 
fluids wero uned to ::;how defectf in cotnl piecca. Typical of the results 
are those shown in Plate J. The top film Plate J(e) was placed bore upon the 
top of the piece to bo examine<l, llhile the lower film, Plate J(b) wao 
separated from the piece b"J a thickne3s of blotting paper. The upper film 
shows o large blackened area of about the si~e of the test piece with no 
definition of any cracks plainly visible ln tho piece. The lowor f i lm ohows 
a non-unifonn blacked aroo with n small triangular region duo to the proeence 
of a small pieco of photographic film on the under aide of the blotter. These 
films indicate only that faults mcy be located ln general by use or radio­
active fluids but do not indicate the nature or shape o! the faults . A 
possible reason f or this may be that the radio~otive fluid after its intro­
duction into the crevice or fault "creeps" back onto tho uurface around tho 
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• r..ul t Th.:1 t t h i ,J !,,..,rder : · ~:;y ◊ 1:1-:11,.. c,f n <.i. JV.,:, i,[. i;C thr,r "r. jizt.dv iO '·age, 
; n c· .:::e or: t:r ,.,!'e a pr rox 1 ... ;,,.e 1 · lion v f dr f' e,~, • 3 cie3!.re,t .... rendil7 ap-

r E:ic : :.1 :,o.i s in::-~ the flt:.i t croop!n u to J ''aco c11.n more effectivel;, 
c:t upor. t.e , o o .aphlc ::UJtert t.e:- 2olul..ionn of radioocti-..e Mlts 
uch qs ccnc~:1trr}tt;}J ;.;ol 1tion:..;of t. orl - 1.1.trnto !.n wnter wore triou, but 

~t t ~, :: ,_;_ r:3 'o saj· ,rnet.hor or nol : o ro:;ult., woro an:, ':>ettor tho.n those ob­
!line-J ·..v i t 1 .,u. 1n one c :::;e tn H 1! jul.11 cr•.1ck3 wero ::iho\ftl on n sn.mple but 
r.e f;;, :1c::-:; .::.. ;011 tomln~--1on cf U.c -,ui-t' o 1Y.; the w ~er 3olution enve a dnrk 
; ckc:-01.,;.n'J 

(:. ) It ,a~ found possi:,:c to i:,roducf! :: :in.1ch stronger cetection mo.tc­
dc.l ·:,? l:li ung fin~ly &rou:-v• thor .. ::i into vaseline and to int?:"oduce this 
.-:,teri'.>. l L1•0 thEi fau'l. s of the t.e.J~ piece b; moun3 of r~Jrsu.lic pressure • 
• tio~o;;r:.!-':iic filr.: plnca-J on the clo&nc 1 ourfnces of te~t' pieces located in 
_..-:i :; ,•:·,'.l ~i.o the er• '°lr.:J them 1,., ., ropr-iducit.g t.l.oir coutc,ura. Plate 5 
.l l·.1;:;':,:~ • ·~: tnis t£:chnlque, ut ?l,•e {) uffords more material for discussion. 
'dJ -:;oiLp • ln,: the f L -> with the 1rf ,C•.)5 they· were pl1.iceJ upon, ~o·,erul 

'l.i n,; s n· J l,1;1 noted~ 

(a) PlnLe 6(a) ohow, 1·stl~ctly tho .mujor crocks 
vbt 0 1n Plnte 6(l) and closer inspection 
ahorJ.J hin• •s of .;L1 l :nore In Plate 6(c) a 
finA ·r 1:k L ~!10-,:n as n much broadened utrea.k. 
Horov'l~, it CP.tmot be clai.me<i definitely that 
nll axi~ting er cks in the ~pocimon were re-
·o~fod Some films obuiinod on n.T\other speci-

men ~rentoJ iri tho ~e lllllnncr f~iled to show 
cor~a1n er eke, w.ulo 3ome oven !'iner crucks 
th:m thos omittoi ~ere aho1m. This 1ndicatea 
tnat there ic occn5lonnl failure of a crnclt 
!"Ccni·r1.ug nn ndequa•e suppl;, of ro.dioactive 
mater! .1 Po::-nible rensons ,:-hich mtht be 
aQv:.i..n~e·l ore (u} th• t the par...icle :;iz.e of 
the tnor.ta usr.:•l 11 s too l3rge or (b} that the 
raciioactive mntcrlnl w.<.11., riot Jis:.ri!.>utvd w1i­
foml:: cnuug~1 t.Lt'Ou_:hou t the greu59 It appet rs 
li-<ol:' · · tho r•n: ef ~ourcP. of trouble in the 
prc.1. ur·• .:;e method lio~ in lncompl ate 
fillin ! of tnes crnck:: 

( 5) $ti.l l nothcr fact brouiht out 1n experi:n_nts of t-be kind shown in 
Plnt.11 1 1s t!"Ult fro r-:,t.to::, flim is usu lly u o better filt1 .,inca it is the one 

•<'k(• _ hy lena It :n y · 1 so ~ rep;"?o t.od tnot the fi lr.i ,mon wroppou in a singl e 
L 1 er of hlack photo~r phi c pc.per in much better thnn bare file ~hi ch wi 11 
u ,u tlly shor. u mot tle::1 r.>ackground. Tnc photo-denoi ty of some of the film 111ark­
lr l>::i in Plat~~ 5 ond· 6 suege5!J th::.t lho expos.lM tiuie might be reduced still 
fur<:.i.er to Lhroe tlnys er oo. 

{b) Tne 3ens1 ti vt ty :inj bre.:ri ty of t.ho recorJing can be improved and 
tol ln,d :1g aro sOt!lo suegcution:; town.rd effecting thi.1 improve!llonti 
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; ·.; -· ,: fl~.- , ;_: ' t .f i> o ··-c L ; r,ot i - ~:rc;;,~ed -;·,, 
.r,_•3anre .~u .i r. t"°'.'.ltl"J flui t :t~ <-rdponetra­

:-.. on of : r .,,.. i\'P m "'!'irl c· n bo hr0ttght 
ou t o n1 :- ln ·r.- t..:in. t.,e t.emper!.ture or 

, ~mi ~,: ) ll emu l ,j on fl .i.n~ tearl of groa oe. 
, 1 i.lA it •w \ 0 ..iU ';~dt.etl tr.at still gr-enter 
pre J su"t, bo u:cu •o ~rine about ponetrntion, 
t. 1~:reu;~ in rl ility of the matnrlal muut 
be con:1iciorc..l The p· rlicl~ .?ize of the thoria 
i:-rnin mny be rq iuce i to colloianl dimen!llon3 by 

6rir.dlng or O)' chemic 11 prccipl ta tion in the 
form or !v<lroxide. This treabent ohoulct 11lso 
':tr.inc; · bou~ unjform di.,tribution of the ncllve 
cen t.er3 

ft-} To re iuc~· t:ic time .,.c 11l.ired, the strcne!.~1 of 
t!-.n r- tP o• c ti vi:? m•1:erial mny bo lncr!.!t\.Jad in­
h:f'i1.i tcly but wit:: an tH,tendnnt increase ln 
price ;.. r.ii llieram of rndi 1un in u li.t~r of 
fluid .. ,oul.d not bo t1.ny n.ore effective w fur 
:i:J a rndl ·• tion is conce!'ned t,s a kilogru::i of 
t. ?odum ~•· l t mixed into a li tcr of grease. 
r., co:.:t of the r'1dl•1.11 would be t:?0.00, taking 
i ·.., pr ce nt t20,000 a grm:i, l'lhilc n kilog1·a::1 
nf tho:-.:. im :i: tr-:i t trn;r be purchn.:;cd for 0:3 

li ttl<:: as :6 93 (or even lent:1 in bulk)*. How­
ever. ln cert.~in npplic!ltionr, to small object:;, 
u r'l<lim1 solution containing 10 or 100 mg/lit»r 
mi..:~~•., oe w<:11 worth the pr ica eupcci~ll7 if mo::.t 
of the te:.t material io recoverahle. \':i th ~uch 
concen trn t~d 111.'.1 tl.3ria l:.;, t.t1e resul t!l chown !.n 
Platl)9 ; and 6 could be obtained in minut, .. .1 or 
hour ... i.nste1. .. 1 of dny., und p(:r!1np.; o·.,.r.m finer­
iefec:,:-:: could t,e revo3.lad 

( c) Anot:1er po:3uibil' ty for improvc.mon t llaa lo 
Liev'3lopment of photogl"~phic films ?ccttor nuited 
for t:iis + .• ·pe of ':70rk lt 1tas montloned e•,rlier 
.rn thi:. report that one a-particle strikes only 
four or f1 ·:e oil ver gr·1ins i n the emu.13ion I l 
{lpj'>£'U':'C therefore that '1 photographic in•,tarial 
like ... ·hurn.mn plat" in \Yhich the dens! ty of 
sil vor ! •trt.!.cle:~ is vastly lncronsed .,hould bo 
vex-; u i tc 1 1 or ti.is work 

.,.., ffi:ilo ·ho po..;::.ihilitics in t.ho lWe of ol11ctric 1 l detection de­
e have 'heen .i.n:i.1.c~.V}t in thi;3 report., time ~11::; not. permit.t.'ed an ex­

rbental tu.y of :ho:.r uoe •. ,,or}: is no'li in proere.;s on improvement of 
•8 pl-o ogr3phic tec:i.'1.: 1ue ucccr J:n' r.o lr.e rcco::unondotiono givon above 

n wor:... u~ll lr"o bo c ,::-d~ l out • o te..1t tne possioili tie., of tho clec-
• ric l Met , d..., :,!' :on t ~n tlon de tee tion 

B • t pr-e.;cnt rot. il prj,ce i::; $3 15 per lb 
-ll-



JS. Tho pri.nclple of r, motnod f or uetecting faul ts in iµetal3 by 
llle.ns :)f r',dio1: ~t..1.v:~,y l s .;et f or!.:;~ 

39 . The 
d : scunJe:1 

t heoreti c.-1 po:.sibi:i t.i o-> .'.lnd llmitntions of the method 
i n rin• • tl 

40. Pree ~lcal exp •rimont:; are descrlbeu in which this cothod wae 
trio-1 and the po::isibil l tie:; tor ntlll further improvement are pointed 

out. 
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App,3n'liX 

Note on Posgible Bearing of Recent Advanceo in Modern Phyaico 

on the Material of This Report 

In t he foregoing only woll established fect3 wore uued in the dis­
cussions, but there have beon certain developments in pcysics which in 
t '1a course of tillle may offer greater possiblli ties for this and many other 
pr~ctioal applications of radioactivity. 

One of these is tho production of artificis.1 radionctlve suliatmice3 
like redio-sodium with ho.lf-li ves varying from a few Goconds to several 
years~ The prime factor in this new development has been tho invention 
of uppsratus for acceler~ting ions to great velocities for atomic bom­
b:a.rdoent of matter~ The greatest veJ.ocitl.es are obtainod at present with 
an apparatus called a "cyclotron." Cyclotrons of the larger cype are very 
costly and expensive in operation but smaller ones aro n01'f being built 
"hi.ch are much cheaper in cost and operation. The 1rriter h::i.s ~eon one of 
this typo at Cornell Univarsity which was built ot o cost of about $1500. 
7his has been used to produce various artificial rndlonctive subswnces. 

~ --
Still other advances in modern physics uro tlic 1U .. cove~ of tho 

neut ron (o pnrtl clo bllving pro tonic maos but no electric~· charge) and 
studies on its production and properties. These particl&, produced Nhen 
o-ps rticles or other fast moving ions collide with atoms nnd disrupt them, 
nrellko thermal molecules at low velocities, but ut high v~locities, due 
to their lack of charge oan trnverae great thicknesses of mo. t ter without 
boing stopped ~ It is not snfe to say yet that use will be m.nde of the 
nett.ron in radiography but such coy not be beyond pos3ibili ty. 
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Tuhl · .1. 

Radioactive Propcr ... :os of the Thorium Series 

R.1.nE;e in cm nave.L:mg Lbs 
Half Life of a-pnrticles of "Y -rnys 

Elemeltl: At.Wt. T Radiations in air at JLC 760 cm :x.u !--~--

Tboriw:i i 
Th 232.12 L65 X lolO yrs a 2.90 

Ueaothorium l i 
MsTh 1 (:228) 6.7 yrs ~ 

llesothorium ;.: ~ 
LlaTh 2 (228) 6.13 hrs ~, 'Y - 12.7 - 212 

Radio thorium t 
RdTh (228) 1.90 yrs. a,a 4.019 

Thorium X ·t 
ThI (224) 3.1/4 ,iaya a 4.354 

Thoron 

' Tn (220) 54 • .5 sec. a 5-063 
' 

Thor~ "A t 
(216) 0.145 sec .. a s.68J 

Thorium B t 
ThB {212) 10.6 hrs .. f3, 1' - 40.9 - 51.~ 

Tboriw:. C f 
ThC (212) 0.5 min. a~f3 4.787 

T'norium c• 1 ThC' (.212) 10-ll SGC, a 8.617 
ThorlWl C"t 

ThC" (208) J.20 min. 13,. y - 4.66 - JOJ 
Tht>riu:n D t 

- ThD 201.77 Stable 

r 



Tnble II 

"a-R&9• I 

tfoturo of Action 
No. par ti clott En.orgy /cm2 

per e~- ergs -- .,,. ___ _ 

Satisfactory 
blackoning 

Incipient ovoraxposure 

2 X 106 

6.6· X 106 

Complet. overexposure 2.6 x lol-2 

Negntive rev~raal 4.7 x 101~ 

2.1 x 107 

3.9 x 107 

1hori1111 oxide 

'Ihorium soap 

._ Thorl1u11 hyd.roX.ide 

Cone. solution of thorium 

Tablo III 

1 min. 5 :Jee. 

J min.25 sec. 

2 min.48 sec. 

hydroxide in stea.ri:: acid.4/+ m.in.31 :.oc,. 

Cone. solution of thorium 
hydroxide ln oleic acid. 69 min. 

Blank te::it 104 min. 

. ~ 

J.\, r -rnys Energy Light 
2 erga/202 ers;p/cp , 

0 • .20 

lolO 

lolO 

0.7-2.)xl.o4 

109 

No~ 

(old stock) 

· 1 mo. after pre~1rntion. 

1 week arter propn.ration. 

Freuhly preparoo. 

ti " 

~lvor the arbitrary 100 uec. U scale of instrument. "" 



I 
10 CM. 

0 . 9 

I 
7Ch1. 

fa) 
.S : SOURCE 

F. FILM 

(b} 
RANG£ OF 

SOURCE TO FILM 

DI.STANCES 

(c) 

I I I I 
4Clr1. 2CM. 

0 ~0-.98 107 
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