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The problem of revealing flaws in metal structural members

ABSTRACT
| and machine parts is reviewed in general and the possible development
| .

Bof o new technique based on radioactivity is discussed. Recent origi-

Phal research on this subject is included.
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.?Qmjs work was é&uthorized by Bureau of Aeronautics letter
BReo FAM L5-2(1) JI46-1 of 14 September 1936, with Bureau of Engi-
B first endorsement JJ46-1/L5(6-9-Ds) thereto, of 17 September 1936,

Patement of Problem

| The problem stated in general terms is to find a suitable method

Ibf methods whereby flaws produced in non-magnetic materials aend parts,
processes of fabrication or by use in service, may be advantageously
§. Materisls and parts of particular interest are those in use on

i} where the presence of faults is a very serious matter.

Facts Bearing on the Problem

P It is well to review at this point methods that msy be applied to
Poblem. Many kinds of tests have been described in both engineering

:ffgt literature, but they may be divided into several groups.

{1) Radiographic methods. When the defects are large, such as

faternal) porosities and cracks, X-ray and gamma radiography may be
§8d. Unfortunately, in the present state of development, neither
Or gamma rays can reveal very fine cracks.

(2) Surface examination. It is possible to find exceedingly fine
8 defectc by sultable preparation and examination (by microscope if
$iiry) of the surface of the test object. The disadvantages of this
8re that only defects that reach the surfzce are revealed and that
88 no good indication of the importance of any observed defect.

{3) Electric current methods. When a steady current is passed through
ece, the current distributes itself through the piece in accordance
Sistance characteristics of the various portions of the test object.
8 of the flow lines near the surface of an object may be revealed by

the equi-potential lines as determined by probe tests on the surface.
fissures near the surface may cause a disturbance of the pattern of

Disadvantages of this method are that the method is exacting and
8 to follow

: Thus, the principles of method (3)
B8, the recorded potantials are now temperatures, and the distortions
gteiperature field plots are taken as indicative of the possible’ex-
f faults. This type of method is even more involved in its applica-

80 mothod (3).

i
;,5] Magnetic and electromagnetic methods. Magnetic powsr methods of
B8 defects such as the "magnaflux method" have become popular and much

Bthe testing of steel and iron parts, but unfortunately these cannot
i




be applied to non-magnetic materials. For these materials, electromagnetic

' pethods must be resortad to As mentioned before, the current distribution

in 2 test plece may be modified by the presence of cracks and {laws and the

Patiendant magnetic field of the curreat through the test plece might also

gho¥ irregularities The chief difficulty in this idea is that even with

fstrong currents through the test plece, the circular field strength is of the

order of a few gauss and the difficulty of showing small irregularities in

Psuch weak flelds 1s not easily surmounted. Eddy currents are induced in all

petzllic conductors when placed in a changing magnetic field. The course of
these currents will be altered by voids and fissures with an attendant change

8in the counter-field set-up by the eddy currents. If means can be developed

to meke full use of this principle, this method should have considerable use.

(6) Other methods. There are various methods that cannot be classed
under zny of the preceding groups. Among these methods are sonlic methods,
destructive performance tests, in which a group of parts is judged by the per-
formunce of randomly chosen parts, and so on. This report deals with a method

‘which seems to have enough advuntages and possibilitlies to be worth developing.

(i) Basic Idea and Theoretical Considerations

4. It has occurred to the writer that radioactivity might be employed if
mesns are developed for introducing radioactive material into the flawe and
porosities of the metal piece under test The first possibility that came to
mind was the diffusion of gases through metals At elevated temperatures this
diffusion proceeds readily and a test plece enclosed in a chamber containing
radon or thoron, which are gaseous radicactive emanations, would absorb the
gas, proceeding most rapidly where the porosity is greatest.

5. Once within the metal and in greatest concentration at points where

‘faults have provided space for collection, the radioactive material is in a

position to indicate by its radiations the location of fissures and pockets.
This may be done by photographic material around the test plece if there is
gufficient time to await results or by the more sensitive electrical detection

fapparstus employing ionization chambers and tube counters. The above method,

however, has serious drawbacks in that it is not easily done, that it is likely
to be very expensive, and also that there will be considerable danger to the
operators from the gaseous radioactive material.

6. An alternative possibility which does not have these disadvantages,
but is more limited in applicstion is the use of radiocctive liquids which

pEet into surface cracks readily enough and perhaps even into the metal via

Porous channels if sufficient hydrostatic pressure be applied. (The example
of "swenting" water through brass valve castings msy bear this out.)

7. The feassibility of the latter method depends upon how powerful a
liquid or fluid source can be made and also Af satisfactory diffusion into
Srevices and porosities will take place. While it may be unable to locate
isolated blow holes, such defects are better located by radiography anyway,
ind this method should be looked upon as a supplementary rather than a gen-
erally spplicable method.
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8. The essence of the idee having been set forth, it ic now necessary to
Paysnine it more critically, putting in whatever sciemtific facts bearing on
Bhic problem that are available.

9. First to be considered iz the source of radiocactive material tc be
Msed in this method. The principal and best known radicactive elements are
Mraniuz, radium, and thorium, from which & number of other radicactive materi-
ale are formed by natural redioactive disintegration. Uranium salts are weak-
radioactive and serve mostly &s sources for preparing radium. Rasdium salt
s pure form is a powerful source of radioactive radiations, but is very ex-
ensive. Thorium (Th), like urenium, is weakly active but serves as the mate-
#1el for prepaeration of the powerful mesothorium. Since Th is commercially
avalleble in the form of ThOs (for refractories and incandescent gas mantles)
gt fairly reussonable prices, it seems to be the logical radicactive material
%o employ in a practical test of the described method. Some of the radiocactive
properties of Th may now be briefly described and the availsble numerigel data
e listed. :
1

10. Table I zhows the properties of the thorium family given in order of
heir disintegrations. A study of this teble shows that a mass of thorium
Balt,which ig old enough to have present &ll the decay products, emits several
Wypes of radiation: a-particles, B-particles (electrons) and gamma rays. The
intencities of these radistions, however, are measured by the amounts of the
kind of element producing them, so for the present problem it is of importence
4o estinate, st least, what we may expect. The bulk of the given material is
thoriwc. This gives off only c-particles of 2.7 cm range and gives off
4.5 x 103 of these a second per gram. However, a gram of Th in equilibwrium
with all its decay products gives off 2.7 x 101' a-particles a second. (For
comparicon, 1 grem of radium alone gives off 3.7 x 1010 g-particles and in
equilibrium 14.1 x 1010.) The amount of mesothorium in equilibrium with 1 gres
6f Th has been found to be about 0.52 x 10-7 grams. The amount of mesothorium
produced by one gram of Th per year is around 3 micrograms per kilogram.

11. 1In respect to a-particle radiation, however, mesothorium is 314 tlises
8 wctive, weight for weight, as radium. The comparison #n the basis of gamsa
rays is more difficult, but gives asbout the same figure, 300 - 500. MsTh is
80l¢ commercielly and its stated weight is given as the weight of a gamme-
Bquivalent weight of radium. The amounts of the other active products, which,
Kith the exception of RaTh, have short half-lives, present in one gram of
Bliorium, are nlso very small. Thoron is a gas which decomposes into the selid
M8A, piving the surface it condenses on induced radicactivity.

hi 12. Summarizing the a-ray activity of Th is about 106 to 10-7 of that
01 radium, gram for gram, depending upon the amount of decay products present.
e camma ray activity is such thgt 6.85 x 106 grams of Th are gasma equive-
#e8nt to 1 gram Ra while 19.0 x 10° grams of Th has enough mesothorium in
#quilibriue to be gamma equivalent to 1 gram of radium. In plain terms, a

(2 gm of thorium is roughly equivalent in its radiocactivity to a microgram of
radium,

13. Having discussed the most readily available radiocactive material
dtself, the next point to be examined is the sensitivity of detection methods.
IWo methods are in genersl use for detecting radioactivity: (1) Photography,
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(p} . Flectricel ionizetion methods. The former is the more desirable in
c~tical use, but usually requires time and is not capable of the high

p"{‘-» B : z S i - i ,

sensitivity obtainsble by the electric me thod.

1 70 form an ides of the effectiveness of the photographic method

figures given by H. Przibram (Mitt.Ra.Inst. 139, Wien Ber. 130 (19215

re 1isted in Table I7. These compare the photographic action of a, B,
rays and light rays in terms of the energy required to bring about

chenyes in the photographic negative. These figures show that from tem to

. hundred times more energy per square centimeter is required for detection

¢ radicactive radietions than for ordinary light, but there are good reasons

for this  For example, an a-particle may strike at most four or five silver

tromide graing in the emulsion before its energy is absorbed by the gelatin.

§itrout going further into this, the figures indicate reasonable sensitivity

- for a-particle detection. (Photographic detection of a single a-particle is

_I‘rf.‘;"-'..

ible but the negative must be examined by microscope to show the gtregk

produced by the a-particle ) The threshold number of a-particles (109/cm®)

sllows dotection of fairly small quantities of radioactive material if rea-

sonable time for exposure is available, For & concrete illustration, 1 gram

of Th gives out 104 g-particles & second. A microgram will give 10-< particles

a second or only one in & hundred seconds. Suppose, however, all the par-

ticles from this minute amount pass into 1 square millimeter of photographic

film for_ten days, or ubout 8.6 x 105 seconds. The number,of particles is

g4 6 x 103 and their number per squere centimeter 0.86 x 107, which is just

on the guoted threshold value. If the figures are correct, such small amounts
one millionth of a gram of redicactive materisl are photographically de-

tectable due to their a-rays. If the radioactive material is carried In

water or &n oil in such concentration that there are 100 mg/cc, the volum

occupied by the radiosctive material, one microgram in weight, is 1077 cm

or 0.01 cubic millimeter This is about the volume of a fissure 0.01 mm

wide, 1 mm long, snd 1 mm deep, a crack of the type sometimes appearing

between grains in photomicrographs.

15 It ies not likely that the full thecreilcal capability of the photo-
graphic method will be realized in practice, but even if the method is less
sensitive by a factor of ten or & hundred, the method will still suffice to
show up large surfuace cracks such as are revealed in "Magnaflux" testing.

14 The electrical method has some advantages over the photographic
method in that it is more sensitive and requires less: time to make a test.
On the other hand, it has some drawbacks which will be mentioned in the
following discussion

7. The electrical method of detecting radioactive radiation is based
on measurement of the amount of icnization or electrical dlssociation of the
atoms or molecules of air or other gas through which the radiation passes.
The ionization of the gas allows the passage of an electrical current between
electrodes placed in the ionized gas and the magnitude of this lonization cur-
rent is a measure of the ionization produced and thus a measure of the in-
tensity of the rediation producing the ionlszation. Early workers measured
the ionization by means of an electroscope since ite rate of discharge mea-
gures the ionization leakage current. More mgdern methods possessing greater

oy
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sensitivity employ ionization chambers which are essentially gas filled chambers
conteining & pair of electrodes kept at some high, steady d-c potential

(usually 500 - 2,000 volts). Any fonization produced in the chamber then causes
a current to flow between the electrodes. The current is measured by some
sensitive device such as an electrometer or a vacuum tube amplifier system,
Apparatus of this type possess high sensitivity and are capable of recording

the ionization produced by a single o-particle. Since 1 gram of thorium gives
off about 104 g-particles per second, & microgram will give off only 1 o-
particle in 100 seconds on the average, which is too little for certainty

gince accidentsl discharges in the electrometer current cccur. However,
electrons and gamma-radiation are also being emitted so that the ionization
product is probably more than estimated. Furthermore, if radium is used in-
stead of thorium, which emits 3.7 x 1010 a-particles per second per gram, a
thousaendth of a microgram will give off about 30 a-particles a second, which
should be guite definitely detectable by the electric method.

18, Since it is known that 1 a-particle generates 2.2 x 109 ion pairs, it
is easy to estimate the ionization current due to & gram of radium. Since
radium emits 3.7 x 1010 a-particles per second, the totzl number of ion pairs
produced is

7 x 1010 x 2.2 x 10% = 8.14 x 1015

f euch ion carries cne electronic charge

4«77 x 10710 ¢.5.u.
the ioniec current or charge generated per second is -
8.14 x 4.77 x 105 = 3,88 x 106 e.s.u. per second.

Since one ampere-second or coulomb = 3 x 109 e.8.u., the current in ordinary
amperes 15 1.29 x 10 ° The ionization current due to the a-psrticles of one
microgram of radium is thus 1.29 x 10 9 amperes. Modern eleciric valve and
galvanometer circuits can detect currents of 10 14 to 10 19 amperas. However,
many electrical de'ection devices do not rely on a steady current, but by means
of &« high potentisl utilize the small amount of ionization built up by a

slngle a-particle:*

22 105 x A.T7T x 10 10 - 4 05 x 10 “ 8.8.1.
= 0,35 x 10 13 coulombs,

to cause still more ionization by a sort of high tension arc. One form of
Geiger a-particle counter worke on this principle. Development of Geiger
counters has been extensive due to research in radioactivity. A recent type
of apparatus which combines & counter and a vacuum tube meter circuit and
known as the counting meter indicuates directly the average rate of arrival
of electrified particles. (N.S.Gringrich, R.B.Evans, and KE.E. Edgerton, Rev.
vei.lnat., Vol.7, Dec. 1936, pp.450-456) Counting rates from as low as one
per second to several thousand per minute are read directly on & meter and
the whole apparatus is portable and suitable for routine determination of
amounts of radicactive materials in minerals, organic matter, etc. A device
of this type modified for the proposed inspection method should allow de-
tection of quite small defects according to the above considerations.
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19. Bo far no mention of the icnization due to B-particles smd gamma =
rays has been made. However, the ionizations produced by a-particles, B- |
rticles, and gamme rays stend in the ratio 104:102:1 so we can safely ]

P gay the major portion of the ionization produced around radicactive mstarial
is due Yo a-particles.

20. The sbove discussion has indicated that very small amewmts of redio-
L active material (in the case of radium, a thousandth of & microgrem; in the
b case of thorium, about 0.1 milligram) are detactable directly without need
L for time a3 in photography. If there is time for cumulative effect of radio-

active radiations, the electrical method is capable of detecting extremely
I pinute amounts of radicactive material.

: 21. In the above, the theoretical considerations in regard to the
I radicactive method of inspection have been given. These show that the methed :
might be capable of detecting all sorts of surface defects and possibly in-

I ternal defects where tramsfer of radiocactive materlel into the interior can
B be accomplished. |

I EXPERIMENTAL WORK

$(2) Test of Thorium Oxide s a Radioactive Source

. 22, The experimental work described in the following pages was started
& on May 17, 1937, with a rough experimental set-up to teat the photographic
Pactivity of a sample of thorium oxided which there was on hand a supply of
' geveral pounds. A small thin-walled glass phial containing 8.22 grams of
thoriun oxide was placed in & light-tight can, as shown in'Plate 1(a) and (b),
along with a strip of X-ray diffraction film having metal fasteners along ite
length. This errangement, while rough, provides a range of source to film
distences from almost direct contact to the dizmeter of the can, Plate 1(c) .1
shows the film obtained with séme photographic densities determined at several é
‘polnts along the film. The time of exposure waa fifteen days, The film shows '
‘considerable density at points near the source, but a slight demsity which '
I does not change much with distance farther away from the source. The black-
[ ening near the source is due mainly to corpuscular radiation such as g~ and
' p-rays having sufficient power to penetrate the thin gless wall. That farther
b out is dus entirely to gamma radiation. This rough preliminary experiment
fshows that thoris has & very effective action on photographic film at close
‘range and also gives & rough quantitative basis for estimating effects at
darger distances.

(b) Production of s Fluld Redicactive Source

23. Unfortunately, thorium oxide is & very inscluble matsrial and to
oCuce from it & fluld radioactive source is difficult. Therefore, the first

Liquid source experimented with was thorium nitrate solution, since this salt
*8 quite soluble in water. -

24, Water has some obviocus disadvantsges zs a fiuid vehicle, such as
Mndency to rust ferrous surfaces and also ite sultabllity as an electrolyte
s in which the dissolved metal ion may be electrochemically displaced.
SSVertheless, some preliminary tests were made using thorium nitrete sclution
o8 radiosotive fluid in location of defects. Thess will be menticned again

dater,
-6~




<5, 0il, especially & light oil of the penetrating type, seems to be
a very dJdesirable vehicle fluid. JSome rough attempts to get varicus thorium
galts into oil directly were not successful. Two possibilities, however,
ore open: (a) Formation of a thorium soap which will dissclve readily in
0il, and (b) the formation of a thorium phenyl compound similar to the lead
tetraethyl employed in gasoline.

26. The flrst possibility was tested out by Mr. Singer and the writer.
1t was found possible to make a thorium soap by adding liquid soap to a
thorium nitrate solution at about 50° C; tHe precipitate or thorium soap was
filtered off &nd dried in an oven at low heat. The dried socap was divided
into 0.2 gram samples and numerous experiments were carried out to find a
suiisble solvent for the soap. Out of some 22 orgenic solvents tried, the
only ones of promise were linseed oil, castor oil, and butyl butyrate, the
last being the best. It was also found that the thorium soap solution in
butyl butyrate could then be diluted with a light mineral ‘oil kmowmn by the
trade name "ultrasene." .

27 The other possibility of using metal phenyl compounds was not tried
due to the leck of available knowledge about the preparatiocn-of such compounds.
Crtemical catelogs were consulted, but no thorium phenyl compounds were listed.
Thiz possibility should not be forgotten, however.

28. In view of the fact that a fair quantity of thorium oxide was avall-
atle, the writer carried out some experiments on making soap solutions from
this material instead of the nitrate. Briefly, the oxide was converted to the
sulphate by digestion with hot sulfuric zecid. The sulphate was dissolved in
water and treated with ammonium hydroxide to precipitate thorium hydroxide.
From this point the well known procedure of treating a fatty acid with =
hydroxide to produce a soap (metallic salt of the fatty acid) was followed.
Solutions of stearic and oleic acid were treated with the wet thorium hydroxide.
The hot solutions dissolved the hydroxide completely, the oleic acid solution
remaining clear nt room temperature, the stearic acid freezing as expected.
Ihese solutions were then tested for their solubility in light mineral oil
@ltrasene) und while both the stearic and oleic acid solutions would dissolve,
only the oleic acid solution would remain clear on standing. Experiments to
ceg how great a concentration of thorium can be introduced into mineral oil
in this way huave not yet been cérried out.

(c) Tests of Radicactivity of Solid and Liguid Materials

29. To test the activity of the various materials use was made of a good
electroscope of French make, especially designed for testing radicactivity of
small objects and small samples of salts of greases and oils. This instrument
is shown in Plate 2. The rate of discharge determines the activity of the
sample. Table 111 shows come discharge times for certain radioactive materials
worked on. The mctiviiy of the thorium soap seems to be quite good, but that
of the stearic and oleic acid solutions rather poor. This is to be expected,
for the weight concentration of thorium is probably less and the episgion of
a-particles confined perhaps to the very outside surface layers.



(d) Proctical Inspection Tests with Fluid Sources

30. A search for metal specimens having various surface defects which
could be used for trying out the radioactive method of inspection gave a
piece of bronze atock having bad longitudinal cracks and some zine plates
1/2 inch thick which haed been used in bullet-stopping experiments and were
full of cracks of all types and siszes.

(1) Test of radioactive oil as fluid source for showing
defects in shattered zinc plate.

The oil solution was made up as follows: 1.99 grems of the
thorium soap made as described above were dissolved in 20 ec of butyl
mtyrate (hot solution). "Ultrasens" oil was then added until a solution
was obtained which would remain cleur when cooled to room temperature. With
a total volume of 150 cc, this solution was clear and flowed freely when luke-
WiETL.

The piece of zinc plate with shatter cracks was placed in the
warmed radioactive oil and left there about an hour. The piece was then re-
moved from the oil, its surfece rubbed dry, then wiped with an alcohol-
sozked cloth and finally rubbed dry again. The piece was then placed in a
light~tight can with photographic film as shown in Plate 3, which also shows
the radiographic films obtained after an exposure time of about one month.
The manner of blackening of the films suggests that the oil does not remeain
in the cracks but creeps all over the test piece.

31. Experiments using a water solution of thorium nitrate did not give
such better results and will not be described here.

32. The next experiments to be described are of a different type.

Instead of using a liquid medium for the radiocactive scurce use was made of

8 grease containing thorium oxide which was introduced into the cracks in the

test pieces by means of hydrostatic pressure. Plate 4 shows a pressure vessel
suitable for use with small specimens, the radicactive grease (contains 1 gram
of thoria per cubic centimeter of petrolatum jelly), and the cassettes used

for photography

33. The test specimens were packed in the pressure cylinder with enough
thorium grease to completely cover them, the cylinder was then closed and
pressure was applied by means of & bottle of compressed air. A pressure of
around 1000 1bs./ sq.in. was azllowed to remain in the cylinder for several
hours. The test pieces were then removed and their external surfaces thorough-
ly cleaned with benzene, ether, and & dry cloth.

34. Plates 5 and 6 show two of the specimena and the photographic re-
Bults of the experiments. The specimens were placed in new light-tight cans
with photographic film and the exposures lasted five days. Plate 5 shows the
results on a round piece of bronze bar stock. The films, however, were not
used bare in this experiment ms was done in previous experiments but were
frapped in one thickness of black paper and were backed by lead foil. Re—
Sults and conclusions from these experiments will be discussed later.

'|.4




35. In addition to these practical experimenta, some experiments were
ecarried out to test the possibilities of improving the photographlic activity
of the source material. This work is still in progress so it will not be

! discussed fully in this report. The following facts, however, have been
sstablished:

(1) The photographic activity of a thorium powder source may
be improved by about 10% (as measured by the increase in
density of photographic blackening produced by mixing in
with the powder such fluorescent materials as calcium
tungstate and barium platino gyanide. (These results ap-
ply only to bare film and dry powdered thoria.)

(2) Mixing of thoria into vaseline reduces the activity of
the thoric by a large amount (2.75 to 1.50 in photographic
density).

(3) Preparations of thorium hydroxide dissolved in oleic and
stearic acld as described in previous paper give fairly
good photographic densities but their dilutions with
"ultrasena" oil are not satisfactory for exposure times
85 short as a few days.-

DISCUSSION AND CONGLUSION

36. The experiments described briefly as possible above may now be
reviewed and conclusions given.

(1) The comparatively cheap thorium salts may serve as radioactive
material in the proposed method for locating faults. As shown in Plate 1(c)
the photographic density obtained using thoria is good when the distance

® between the source and the film is small which is not an objection in the
proposed type of test, where the photographic material will be placed prac-
tically directly upon the metal swurface to be studied.

(2) Radioactive liquids or plastic sources for indicating the
presence of faults may be produced in a number of ways from thorium salts.
A concentrated water solution of & radioactive salt is perhaps the simplest,
but more desirable for'reasons already given, is an oll bearing a radioactive
material, Methods for making such oils are described in this report. '

(3) Practical experiments have been described in which radioactive

t fluids were used to show defects in metal pieces. Typical of the results
ére those shown in Plate 3. The top film Plate 3(e) was placed bare upon the

i top of the plece to be examined, while the lower film, Plate 3(b) was
Separated from the piece by a thickness of blotting paper. The upper film

! Shows a large blackened area of about the size of the test piece with no

P definition of any cracks plainly visible in the plece. The lower film shows

' & non-uniform blacked area with & small triangular region due to the presence
of a small piece of photographic film on the under side of the blotter. These
films indicate only that faults may be located in general by use of radio-
Active fluids but do not indicate the nature or shape of the faults. A
Possible reason for this may be that the radiocactive fluld after its intro-

® duction into the crevice or fault "creeps" back onto the surface around the

-9-
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iz readily ap~

effectively

: ctive salts
g tried, but
g resul better than those ob-
ridusl orr gshown on & Saaple but
tra ponersl contamine the surt ¥ solution gave a dark
ound possible to produce s much stronger detection mate-
ground thoria into vaseline amd to introduce this
) ts af the piece by means of hydraulic pressure.
- piJ‘{,* on th saned surfaces of test pieces loecated in
. icka themsalves ru?quUTi g Ltheir contours Plate 5
g fque, but Pls t af'fords more material for discusaion. .
f’ sith the surfuces they were placed upon, several

6(a) shows distinctly the major cracks
> ir 5(b) 2nd closer inspection

hinte of atill more In Plate 6(c) a
fine crack ls ghown as o much broadened streak
Howevar, it cannot be claimed definitely that
all ﬂﬂlﬂi’l cracks in the specimen were re-
corded. OSome films obtained on another speci-

men ireated in the pame manner failed to show

certain cracks while some even finer cracks

than those omitted were shown. This indicates

that there is cccasional fsilure of a crack

| recalving an adegquate supply of radioactive |

- material Pcasible reasons which might bs
advanced are {a} that the particle size of

. the thoris used was too large or {b) the

p radicactive materinl wss not distribut

a3 formly enough throughout the greass

f likely tint the chlef source of trouble in tJe
pressurs £rease ) lies in incomplete
filling of the

LTl
It _;1 1]'1 rs

f} 5till another fact brought ocut in experiments of the kind shown in
B Plate 6 is that the bottem film ia usually the better film since it is the one
backad by lqad It muy also be repssted that the {film when wrapped in & single
P layer of black photographic paper is much better than bare film which will
usuzlly show a mottled b ckrA“unJ : density of some of the film mark-
ings in Plates § snd 6 suggest that the exposure time might be reduced still
further to three or so.

(6) The sensitivity and brevity

! of the recording can be improved and
following sre some suggestlons toward effecting this improvement:
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The fluidity «f greusdé 13 not incrensed by
nreggure so increaded fiuidity and p#nnf# -
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1 d] of the material must

cla spize 0‘ ‘hc thoria
1

grindling or by chemic:

cal precipitatlon in the
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38, The principle of a method for detecting faults in metals
radionciivity is set forth.

29, The theoretical possibilitles and limitations of the method
Bre discussed in detall.

40. Practical experiments are described in which this method was
tried and the possibilities for still further improvement are pointed
tout.
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Appendix
Note on Poszsible Bearing of Recent Advances in Modern Physics

on the Material of This Report

In the foregoing only well established facts were used in the dis-
| cussions, but there have been certain developments in physics which in
L the course of time may offer greater possibilities for this and many other

[prﬁctical applications of radioactivity.

, One of these is the production of artificial radicactive substances
- like radio-sodium with half-lives varying from a few seconds to several
| years. The prime factor in this new development has been the invention
- of apparatus for accelerating ious to great velocities for atomic bom-
bardment of matter. The greatest velocities are obtained at present with
'an spparatus called a "cyclotron." Cyclotrons of the larger type are very
| gostly and expensive in operation but smaller ones are now being built
| which are much cheaper in cost and operation. The writer has seen one of
this type at Cornell University which was built at a cost of about $1500.
" This has been used to produce various artificial radioactive substances.

5till other advances in modern physics are the discové%y‘of the
“neutron (az particle bhaving protonic mass but no electric l charge) and
| studies on its production and properties. These particles, produced when
‘g-particles or other fast moving ions collide with atoms and disrupt theam,
arelike thermal molecules at low veloelties, but at high velocities, due
'to their lack of charge can traverse great thicknesses of matter without
S being stopped. It is not safe to say yet that use will be made of the
pedron in radiography but such may not be beyond possibility.
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. Table

Radicactive Properties of the Thorium Geries

Half Life
T

L6065 % 1010 yrs
6.7 yrs
6.13 hrs

1.90 yrs.

S4<5 BBC.
0.145 sec.
10.6 hrs.
0.5 min.
10-11 sec.

3,20 min.

Stable

Radiations

B, Y

a,B

B, Y
a,p

Bs Y

Range in cm

of a-particles
in air at 15° C 760 mm

<+90

Kaveleng ths
of ¥ -raya

T S5 LS

12.7 - 212

L.06 ~ 303




Table I {

OIS - . 1 S |
No.particles Enargy?c;2 5,1’_,353 Energy Light -
Nature of Action per g_mz___ A ergs 2

Photographle threshold 0.7-3.5x106 5,7-29 y A ;‘;;

Satisfactory ' ] ;

blackening 2.4 x 1011 2 x 106 1010 0.7-2.3%x104 ‘!ai

1 . . ||

. Inciplent overexposure 8 x 1011 6.6 x 105 1010 109 ;1 4
Complete overexposure 2.6 x 10342 2.1 x 107 = - '
Negative reversel 4.7 x 1012 3.9 x 107 - ~ |

; el

Table IIT L[_i

Matorial (1 g. sample)  Menn Decay Timew Notes _I:f€|

Thorium oxide 1l min. 5 sec. (0ld stock) '. :!-. |

& Ihorium soap 3 min.25 sec. 1 mo. efter preparation, .?i

"Thor‘i‘-lm hydroxide 2 min.48 sec, 7

1 week after preparation. ;-;f

b Conc.solution of thorium

hydroxide in stearic acid.Z4 min.3l sec. Freshly prepared.

§ Conc solution of thorium E ,
§ fbydroxide in oleic acid. 69 min, " U il
B Blank test 104 min. 1{

 ®verp

fL
the arbitrary 100 sec. U scale of instrument. - '
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