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| ndex at acceptance G N 1A3B 1C 3S1A 3S3 4C 7A1 7F (54) METHOD OF AND '
APPARATUS FOR NON - DESTRUCTI VELY DETERM NI NG THE COWVPOSI TI ON OF AN UNKNOWN
MATERI AL SAMPLE (71) W, MASSACHUSETTS. | NSTI TUTE OF TECHNOLOGY, a @
corporation organi sed and existing under the |aws of the St ate of

Canbr | dge.  MassachuscPLABISAST (R ECERICARTON ¢S o 1o dD8. 573,
the inventi ongéb)}21 Ap cal Wo 03§ /76 iﬁi‘%le@le‘)@%@@ 6By be grant ed to us,
( N

and the netho to be partjy ;,;;gr
descri bed in -afdd ; §£ @l]c%u s]t“ terrent - The present | nﬁw ;
(I:s;ga Un

to the. non- des;t-ﬁr:g i te ogA eri aI to determne i

or i1y, by ST B4, fen, zom < o KRS
standard havi pg aﬁ Zﬂ ol \IO%(IEI on or’ pur| ty. \Q
10 Al though the i %}ﬁﬂ ?lgggg ﬁ‘bgg $§/§1 s use for the non W -\z\“‘
qualita- tive deternmi ) # purity of a vari et <&

material s or substances, i(5%) W$ETIHODI scmsmubrmstﬁynwmh\srebatence to gold
and, to a |l esser extent, silver. THeON-RESTRUCTIVE I n recent years of :
gold, as a comodity, andDERERMINENG THEH MP UE{& 75 AN UNENOWN t he Unit ed

States has increased the need for an- 'l -safe mechanism 15

for determ ning non- dce)(%t ructivel t he ur| oI d. _Since gol d | s often
transferred by a pers Inot one of’
equal know edge, it Duid Fg‘%ﬁf%% m Mﬁ ‘Ls;(f';s

forgeries, a way thﬂZl?,Q\lmndBSﬁlheofuﬁhh’ﬁEa, ahhmt@aieclﬂeﬂ:eﬁnmﬁed of Whiclawe\pity t hat

i s non-dest rucsi ve, it patens dy he grantesk o s, S e methoth bp hw_h it iy whegedormedy | | 5

often occur at bank?tﬁﬂ m‘ﬁn Piéh,th P ”é%ﬁ?fo’lf‘g houl d
£Qif

20 be sized to -set aderming @;,smcgror by cém, sampler at i on
by persons havi ng Ipﬁﬂ:b@ateéedhmhaw topeAe off smghrgl ofamsequaatnabfsaxd he.

present inventl®n i &ands d"'“d@‘ é‘°’h rucf i ve er i nti on of 10
purity of a mater'ahes s tﬁ composmon éﬁg 'E‘ ;fﬁm @?&ﬁlg,a
mechani sm for such ii@ﬁmd@&i&di:ﬂ&tinbsﬁy esfmnaa lgala and, aQddkr Exdtsat, silvdr. The
relatively small, rebtamtraéhglml_ ﬁsaa ¢ommedity, and dieteeepnéhange irothe and
one that can bés opeE;;Fl'ﬁgl i ?ﬂ f° Wﬁ@l cal !
training. Still anohngdrof Bbesakri b&\fgéd af '

| engt h and known -wefris

Al
non-destructive detmpmmmlsm afmle:sdt rgetie & v@o| tb@fdsmt’uskahom

cal i ermmauon,awaxmpst tfast’ Y5700\ Bing ch
mechani sm f or 2hon- {&° -i‘ ) _r RS b6 etony | _
it Wsmt I's to prow e t oregol ng- rrechani sm

silver bars. A stil haying
for the non-destruc-. tmmw,mmmuaamtmmmmmmmmmmml ty of

such gol d bars _or sHYPrf‘e'S‘ P“?SMP@P’?’I‘F@“ ﬁ?ﬂ'ﬁ-of es and to. |ve an
i ndi cation or &h al e3\/ mﬁ%ﬁm O i | s 2
to meet a standard. thateanbe bypersonswnhonlyasmanamwntofmchmca&aamt her obj ect
is to determ ne the r_mS

ﬂﬂé adeton of
soils for use coffet® w@? ‘_% E!nﬁ 2iS gy
provide a char %t er bfsa,é m :ﬂ%ﬁ%?ﬁe curve ro‘%mc ar ac- terlési%’l C

signature for various ﬁ:rﬂahsqb)escubmtxam rvbeghaniety €or tHbO:on-destruc-

Th d still f nposiienserctie pytity plosuchygold-barsyorj such §i
T owe e g arggmﬁag ﬁg{ mqm@wﬁé‘% g

pr esent |nvent|on [ ermamaguﬁqmuﬁesﬁdymé aeg}eyoiaﬁ.com

av

position of an unkn@moxsoim)lsb use e congy enginegy fopesiampleng neans for appl yi ng
heat at a rate [err] a frlisdp ‘g‘%}ﬂg}sﬁﬂg ufsmrw RS e o RTAG-
means for sinulg aneou sunfam 24 18 e debiribtioh hat Mo @aeNd ab

t he standard of wei ghetpa aﬂatl]ydﬂhdtehm/dm@pénhelm 45 | ength as the length
of the sanple such t ha fpresent invention. is apparatus for determining non-destructively the com-
: tion of an unknown sample, the apparatus comprising means for applying heat at a
. rate Qsa ‘@t one end-of -an’ elongate sample of weight w,,, means for simultancously
45 applying heat at a rate g, at'one end of the-standard of weight w,; and having the same 45
length as the length of the sample such that



2 1, 498, 573

2 [err] first transducer means positioned to sense the tenperature at the
ot her_end of -the sanp

transducer neans positioned to sense the tenperature at the other end of

t he,:standard and to provide a second electric 5 signal, and neans
7 onnected to recei ve and anal yse the first electric signal and t he second
E}gnal over tine to determine the rel.ative magnitudes, either qualitatively
qyantrtatrvely, of the tenpqrggspes at the ends of the sanpje and of the

st . :
non- dest r uct ively t he corrp05| t foon_ @f‘ an unknown. mat eri al sanpl éwst hat
conprises applying heat at a fwr,st wlO.- region of a sarrpl e of said

material to provide a tinpe-varying terrperature pattern in 10 the sanple,

control i UCRTA fagANg, zre*a@g i, g the tenperature
as a funmmwm%emﬁt;é%ﬁ& l semnd "&%‘%ﬁ@dﬁnomi stance
fromthe si‘ghal,sindr nneaaﬁtoclemvaranm@at ¢ ARteltiic)sighs] ahé eer "B e pattern
for a pr egended ﬁmmtq@wrfeln%ﬁq tive imagnitades, seithey qs@@&ivﬂirvregr on of the
sanpl e vvrqt‘ﬂ‘il‘% A plv: °f)f‘h§ . - of "a known st andard
subj ect ed;o,;,l;z,s,g Ve lgmowﬁ | sardle. o? isst @B %lvin of. tinme.

Enbadi nmemntgonaf atsivep .omarxnatdrinl\mrpmvmn avtirﬂe#v O\t by May of

exanpl e, : _ ¢ ch: - Figure 1
is a diag e Pformand with 20

portions fidite ke ;S | R € : ER)arying terd syst em adapt ed
to dff ect mnmtésthqmw@rdetbmm naumuhnodondnhms fooﬂp@anet ion 8f a

mat eri al @Vﬁé ovvs |n | oc a.gg r rt of the system
of Fi gur &yjh.ref % resen iﬂ Ej_gur g’]é vb’g]emr\‘g%l ock diagram form
anot her m)dﬁgued isrerdag:emm rq: Hlocximgramxﬁoaﬁmﬁ& Figure 1.

25 128 ofj the #mﬁattlhﬂlp Q‘WIYWWWB ndaptm 9 effeft r st i scussed
with ref et “

" ty y the :
conposi t i sBghd@imodifa; B | Ty o an un sarrp e m%fu'%fb\r‘rﬁr{ and, to sinplify
t he expl anatgnn: 3 sﬂtmsmahkpk é:agramﬁtrmtaadwnnmhﬁmregmhdtamwme W | I be kept in

m nd3t hat® der s o em di scuss res pféct to gold
ooy a5 L A o R B 5 tﬁé-i;ﬁ@é a8

Tur ni ng r\mmotvﬂsdapg:UﬁBarIormaumacraahpmy e@hﬁﬁﬁn,ate " hon- destructrve
det er m ndit gdé. b“Fg’g‘té’ é’eMt.‘_ mintiothat gposyspages ef the. Wm&m@lv ate sanple or

., bar R of H ] ! S’Q" is %qﬁvﬁﬁm S withiha solid
“nstandar d @uemingGbiOVW theORRES 10T rayalstm,emawaw ned. An

= electric- mkmwntlmohgattnuorSp nmpadaeavtths&hd ﬁlzlsfauman'pl el at a first
" regi.gn orcompRyition phpiEiy s YT Dpies h’-%t 35 plies heat

to tRe stBipf-ypels 14 mt? i by t8 provide

ti Me- var yrmiQratyiig RédparatdfethattistiC 0 $ ' Sobddy i :

Si nul taneumlaypmdetemncd tinie ﬂledmteer mphdohnﬁrfvrea aﬂedmmwlemhaeat i s appl i ed
and for a“nmw&s %t‘;g‘ EYiRglFmperatie PR ol -TJ?"@B‘C the J,i me-varying
terrp r at %;3@5 Hib&ed Mo Gt the time.v - dard are sensed
or noted arsebomféwseajandm&spaﬁa rag:lfeumﬂe aid thesmrdnmd&dof the 40 by
t r ans duc etransdycesspo errerttravelptyu dyetga_ cicnrof the ttime-varying - var yi ng

t enpgr at uftg "E‘ﬁf k‘@ mﬂmﬁgsm y Wﬁ%ﬁm samplse and the
st an ard,s, eo%oa sdn@ Mﬂi ,mgsaﬁ,aﬁ ; alkofal €ctric signal

that is anrxomnma‘cwd Inmet:dnvrmn umphﬁai 1Ihﬂ is espective second

region. THpEDEHbH G ﬂ!frnr LaEPVa mc ?Fﬁ hich. the purity nputs to a

di f fer encq B vﬂﬁqﬁv@gthe jgo el ectric
45 si ghal sonidésRion @r @uﬁ@ﬂg) twa- rtﬂé'l e | elefati the sanme. In
Figure 2 etargxzdmhroparaamuch 2P frorg ax elex sbvaoerléc'é’ha/@qmnautxq)ut fromthe
differenc ﬁ"?F‘@P‘s 5% Bg W%W’W@ which is activated
. . aratus

i N 1305 fideh bl and e Wi ?& e A% €5 255

pr edet er masgﬂdaﬁmugut re&mﬁahauu&tb%ndw 1& théOfar Teﬂi o &l bde ibGn chart

recor der <dlepint therayisnr | thermocpuple, of ederr fransdyéer,cpoivered, ifoequitedjby @n 1 by whi ch

sanpl e Wﬁoﬁ °W?§Wg§?%{@dgﬁm , the heaters 3
and g ar eqehe ] hé ,mﬁ@g&_ m n elg@ctric power
sour ce 15shodithbe well| ﬂ:deh\rmnmg ®it gobd themmhionratt/is ésieatiatyst em 101 is
provi ded bqusnrlterbersaectﬂteu ing plemasts and; the bars andbthe yeperatugFendi0g t he heat i ng

el ements 3 and 4 contact one end of the un- 55 known sanpl e and the
associ ated bar of gold bullion, respectively, as above noted. The 55

| engt h and wei ght of each bar nust be known. At the far end of each bar is
an el enent (thermistor, thernocouple, or other transducer, powered if
required by an .- - -




el ectrical power source 19) to determine the tenperature at said far end of
each bar and, nost inportant, to determ ne the. relative changes in

t enper one time pattern. The

bars, heaters, and tenperature sensing devices 60 should be well insulated
fromthe environment, but good thermal contact is essential between the %
bars and the heating elenents and the bars and the tenperature sensing 3{?2)
1, 498,573 3 devices. Axial forces are

provi ded to rrar_;nt ai n such contact by Ieaf l,w 5¢§ her Irght spri ngs 20 and %1
that are insul-a

10, rospectively.  FRR S e o i B S 3" e B houl d
be wel |l insul ated fsrﬁaub,f o ma&haaar,ﬂaaag twe
sensor. (In Fi ure@“msulatedlfmm

anot her, and ther ¥ nd th@
bars and bet ween t ha F%E,L%I&c &%@Eﬁﬁé‘&mm e gigzed rﬁﬁ _

accordance wi t It hahgbagssenjlacedinms
the bars are pl acedofhawzaﬁhatumukmm %éeswwweweaemmmm

heat er shoul d ¥e of“’"acei nts?“@omom podthe, °’oppos@d
to a constant tenp e;:js E: A0 tat mest o s T‘gg“%‘“
controll ed anmount; a:ﬁ@ﬁi &madaeefssxﬁnafedlsé}e quEda rél freid GegRPofAPpropria@S Ul t S
must have | ow heat saarw&mhs tmt’e mperamreat ed therein is

transferred tol%he &%ﬁ?“&fcécgfb‘? “ﬁﬁﬂ’é‘m@%‘gﬂﬁ b :Q‘%‘%‘@‘% 40 phen'a

concentrated anount requi red ar gages of
appropriate size, vl\?n ch strain gages can be conpensated for changes in

tenperature. 15 ' If a sour of ' heaf ;i @ appl i ed to one end of a bar
at x=1, the general equation Tm=%—5{f5§r nmperature at any distance x
(assum ng the bar to be well. insu IS le ven by the expression: [err]
(1) [err] where: 20 - Qis the suddenly appli ed constant()heat flux
per unit area ([err]) at x=I" (" 20 | |s tg Leng[,l yf the bar in

feet, k is the thermal conducTr,yzrtX/ r‘qrr] ep (solnd/¢ i ffusivity in
[err] p is the density in [err] 251 c is the specifijc heat [err]

25t is tinme in SeqaRds. X is the distance along the bar (note at.x=0 there
is no flow of heat), and T(x) is tenperature in [err]F. gggee Carsl aw and
Jaeger "Condud®i on of Q—haltesnddeﬂpkppﬂsl constud lpardiukjper wair ged (y—20-) at x=1, Press 20
1950, page 104, par ag fﬂgb%;ﬁfe% I f the. tenperat 4t s measured at
x=0, 30 the insul at ed quation (1) becones: [err] If an
attenpt is made to counterfeit a bar of pmgerial, the weight w, in pounds, -
woul d be duplicated orh!:&ﬂthbmab@edulcwtweaew% Thus equation (1A) becones:
4 secft-1F 198, 573

4 [err] where: q is the suddenly appl i gd cogpstant heat fl ux in BTUs/ sec.

and all other terns ar.ds hétherahldimsivigtione-=6ald has the third highest

t hermal conductivity and one of the | owsst sReat capa- 5 © - cities. It
devel ops that if the time periodygfor testing is selected correctly, a pure
gold 5 bar will attai nsgehung@(n{_e.qd tenperature than any other naterial.
After the heater is shut of f, thdetenperature of the bar becones: gt W

whi ch provides a further check onﬁhentr city. 10 "~ Those netal s

(silver, coppes)) "‘hi.‘ét}stﬂ@%&iﬁ%h@ii el thermal conductivity than 10 2
. O . _

t is time m second
x is the distance along the bar (note at x=0 there is no flow of heat), and
T(x) is temperature in °F,

(See Carslaw and Jaeger “Conduction of Heat in Sollds,” Oxford University

30 Press 1950, page 104, paragraph 43, eq. (1).) If the temperature is measured at x=0, 30
the insulated end of the bar equation (1) becomes: |

Coowfe 1 28 @ 7.2 |
_Tend ='ﬂk—{—2—-—§—-—-—-— Z %IL EXP (—a.nz.rtzt/lz) } . (a)-

"~ Ifan amempt is. made to counterfeit a bar of material, the weight w, in pounds,
would be\duplwmd or:can be easily measured, Thus, equation (1A) becomes:



gol d have al so nmuch hi gher heat capacity, while those netals having | ower
heat capa- city have very nmuch |ower thermal conductivities. Thus, it is
sufficient that at all times during the test interval the tenperatiure of
the end of the bar suspected of forgery be as high or higher than that of
e'»-known 15 gold (or a recording thereof) for certainty that the bar
-question Is as pure or purer 15 than the standard. This is subject to
éveral restrictions and possible errors which are taken up in the next
paraq‘raph The ratro [err] 20 A %erei.n [err] and Terr] are the heat
| NPU-s and-a standald-of respec ' —2( -ghts-{err] and
[err]) nust be kept zn acczep antol erance. The test i s as\good as the
exactit ude Wng,,hl h— ; Wapg(h&énh @) knowny The thermal con-
ductivity and densit ‘bol dk remely high and the specific heat c is
lowrelative to nost rraterlals Altable of ¢ and the ratlo [err]/k S
presente T 0 EIT@D f er s likely to
be used %&%ﬂﬁb}%&m Jd&ma?thmﬂugm Qc ag{; eaI Yy, - @'ratlo (q/wW
shoul d be asGdﬁgdatlasthpb i '&lt&@dmndmmmdsmﬁrtherhw&qheatmwer val ues of this
rati 8 canci¥fs. . °F'n§T‘ iP*F% r&PEhedt i on et hods or
anplifi ca?’i'ogheﬁ eg’lg, pﬁgbﬁr&? bar is too short

t enperature dlfferences w-I'l ‘be"di f flcult to detect wiith accuracy and | ow c

(a0

e
2
|

val ues could dominate. 30 . Thedfact 12 in equations (1) (1A) and (2) is
very inportant for the sensrt|V| t"“of the 30 test. TABLE |

p/ k BTU [err]

| b- [err]thlcth;ovxdesafurthercheckonaM err 35 Gold

. 03010 se metals cl(lsillnver, mtllslehr:aal cclaonductlxlgty than  (OWp :

o5 o TR e M T 7 (o
Urani um Thus, it is sufficient all times dutmg the test interval ¢ tedy t[:ﬁrof ] 40

Lead . the end of the bar suspect@(}ﬁfo:gerybe as hxghorh:gher than_ﬂ@ﬂof?tke fewn] Pl ati num
03115 gold. (orareoordmgthem&z suonxsaspureor urer - (315

©43.3 X [e&ﬂn Sppdard. . w scussr b (S’f’ssjtmﬁé BN nvention with
and ot her

ref erence tomdmer materials, a few further general comrent s
that apply nostly to gold are in order Typl'cal'ly, t he sanme anount of heat
is applied to one end.of two identi8ally- 45 sized bars.. For sonme tine
i nterval, the tenperature of. trw twy,at the other or far end of each is
t aken and the two are corrpared Most aduIterated sa | es tested |n the

'-ggglriqre gt %m ﬁ;&mmﬁ a m&sstandard but

that i 'S nadcrdlyway Seckiyeuf gola @rc extremaly high and the specific heat c is low relative
1, 498, 573to most materials. A table of ¢ and the rauo /X is presented in TebldHebdaw for he t enperat ures

fi
at the fa@l‘eﬁﬂ ‘Ht';’lgg‘ x \9@1’“’ . . tine interval aft® heat is
applied, 5‘1‘3@% ca{, : i Lators.  For exanpl e,
bars of ebaefsmm;h zﬂt’eﬁp@s&ﬁes di mensi ons are

sanpl ed f #1291 a!tdh!!c icewld demindtdai s cj r cunst ance
an. adlil teﬁ‘fgﬁ?g‘rﬂ“@"? ) (IA) “W W 'sawawf'a%rf ¢ gepsitipity pfibet oy Ehg or

second region than the standard at some point- 5 during that tine interval.
Al so, the heaters 3 and 4 can bFAHBEdner gi zed and the time- varying, but

declining, tenperature patterns ,Eﬁ be noted a ared. It is-not
necessary that thé standard ac tBY1y be present he tine the sanple is
testeggl. Thus, in Figure 3 the tm varyi ng pat terngof - a sanpl e, 3convert.ed
to an 10 elgadric signal agapefore, is fedsfexie sensor anplifier 11A
and.thence to anSibwral og- 10 to-086gital convert @5xa@, the output of the
converter being ected as oneg9§|nput to a co z; or 12A (see Baker
Lettgss Patent 3 2957391), the Gp input to #i&Hed s froma cenputer

whi ch has st or edPhdiRmsi gnat ure aBlan equi val entié@ixaedard (see Senturia et
al Letters PatenTugstnq7 755). THBlout put of the33¥df¥arator 12A can connect

to an 15 S C ed as input to
an X-Y r%&pa ,af%gig g %ﬁﬁéﬁé W}qéﬁﬂﬁgm 1 and 2 are
silvds. | fin 6rdeO: thic@aypcn® mroéhaoialamﬁedsoapgﬂdroéebzdxdennaﬂy-end @ﬂ‘ a bar

e et Sy o D BETRL T LA oy i

“course of the work Jeading to and arising from this invention will be ‘cooler at. that -
other or far end than will be the pure gold standard, but that is not always the case.




Is given by (assumng the bar is well insulated): [err] 20 wher e:

20 [err] is the tenperature in [err]F above ambient at the end of the bar
ad

opposite the constant tenperature—source—ferri~rs—tie—stddenty—apptied
constant tenperature in [err]F above anbient, erf is the standard

definition of error function and is well tabulated in many 25
ref erences, : o
25 k [err] is the thermal diffusivity-of the bar in [err], t is the tine i

seconds, and | §s the Iength of the bar |n1,ﬂas,s7£ilver has t he hi ghest 5
t her mal d'ffg{v'tyrﬂﬁoe,aﬂé/ ef ﬁﬁt:ﬁ%tat%nd“'&te%' s b rsoﬂiéméueméﬁll as:

a function ofti Me, afudBeas is e, @e afm,e rature
than 30 any ot her Ibmdr eapith omtfswe; tZ-Z;psmﬂsi piCundform trbsatlmanswan eSamvbddurl ng

the test, the fem
t hereof ) be Iower t iy Ymﬁ? ﬂ%?ggﬁéﬁ?@ﬁﬁ 'h% :ﬁg%al nt§/

that the bar i uesrimﬁg; bub d&ﬁmﬁn,lrtenlﬁﬁmrwpm atkd. Agai n, this

is subject to restri, ct Ftong%tms w mﬂeﬂ!eb?wssm aashermw B sample
di Scusjsed s, in Figure 3 e varymg pattem of a sam le, converted to . an

35 [err] must ]beldem,aﬁ ”:"’f‘; ffed e ifier 114 m%ﬂgg;lsa
good as the exactit mknpamthz akehe!xiteengttm 3;‘7()5,39?!)3 thaﬁtﬁeraﬁ;ﬁt mwhu:h isThe

thermal diffusivity teeswatns A

Ty TR R R -

the bar .is very i npgeircarit applisd to ne end ofa bar\he tfdtehetmmerahulealthq/fptenui s 40

shoul d be as Tong ad §yGaL (Epumisgshe ‘??ﬁ’,i‘”ﬁlb‘ﬁi"? §itivity. Lower length val ues
can be conpensated for by nore sengjtive instrumentatiqn for anplification -

of tenperature differences. TABLE I

a et Tend % U[Err S ("f) 2";1 @

1.88 X [err] Copper _ n=0 . 7 [ rr'] Zi nc
0.45 x [err] 50 . Mol y emu

0.58x [err] » n’&'{ﬁ: 50 Pal | adi um.

0.26x [err] Ofier q?:gheg 3% Thus?
by way of illustra- tldﬁdii‘!:n?& forcn &gﬁ*%’&’s‘gﬁté‘gg‘ 3%8?852'8? :%][the
conpacti on or noi st ur €l o ¥ lapplied conflant temperature in °F above ambient,

1, 498, 573 erf is the standard definition of error function apd @awubtébuggedﬁﬂapg hed
using a’ r ecor d& 14A or, I%E"‘F%“r exanpl e, which cangcontain a trace or %
pattern of an accept abiﬁdﬁthﬁmkdlﬂhﬁinﬁ&faﬂtdﬁﬁdf@@ahns-g whi ch the tine-varying
tenperature pattern of a_ s e can be visual ly compared. In testing soil
sanpl es by the present}? §%“ reaIIy done is to deternine the
ratio of fluid-to-soli ~gas or water content to solid) in

t he sanpl e. ' deerhasthe lughest thermal dxffusm ofany EnoWh Gmmﬁansmae; ein

di scl osed provi¥des %t‘saﬁ“&é‘ﬂn tige
conp05|t|on purity u-o ch

avoi ds the high ski fofgbry, I.ﬁ)ﬁh nia ﬁfrybﬂ]ﬂres
properties, the mul theptaedatcbée@n.chls che*mccaol remblysm;;evaﬂ@isihb etters,tas mm on of

h | dipaed o d_and mak bl &
the sampl ;S;ggfty e o b e e 5 Bl b5 Rl o i TSR P05 1 ¢

operation. In the casiver sfveryrmgy'm lmhsst m&rmhasbmﬁ&smmlemle&tmﬂmg) iand
p m) MALe

checki ng of sappl espP Shye 5 . The0
accuracy of re ults -t ﬁ;ost}ﬁg 5&{ ) 6& the
qual ity~of the el ecw@msaai R bl @yoedsen xﬁﬂﬁm&nﬁu& fog

sensed and the qual dﬂ;tettctsereof noted 15  to 99.5% pure and better

15 WHAT WE CLAIM | S: - 1. Apparatts for degﬁ rph@l ng non-destructively the
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Copper N . .1L26X10°
, Zinc I . 045x10”°
50 : Molybdemmm S , - 0.58%10 . 50
P o Palladium . o . 0.26x107°

Other matermls can be sxmdarly tested for composition. Thus, by way of illustra-
tion, soil samples can-be checked for degree of compaction or moisture content. This
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