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1C8~ End footnote 

~he~efore. we went to J. P. Girard, who was reputed to have prodo~ad 

"abnormal" effects on metals and wished to ccQd~ct experiments in the 

presence of scientists. ~be purpcse cf t~~s tercrt is to describe 

scme Qf the tests which we conducted ~ith him eve~ a period of almost 

t;l¥0 years. 

Several -¥leeks after cur tests vex::e begun,. J,. P .. Gir:ard infor·mE~d 

us thbt he practiced prestidigitation. Some time later. two or three 

sources simultaneously also informEd us that he had been written up 

i~ th~ "Magician•s Yea~tock." At first he vcrk€d in a somewhat 

obscure and roundabout fashion 6 resembling the style of an 

i 1 Ju£d,cnis t.. In spite of this 11 after t. his i tit j, al p1?r iod .r J, P .. 

Girard produced i~teresting effects. Various scientific personalities 

attended some of these aemcrstraticns. We gxadually got J. P. Girard 
.-· 

tc si~rlify his behavior and follow strictEr prccedu~es. But on our 

recordings we observed so roe movement~. \·1 hi ch-in d icated museu lar 

action, .. 

~his mixture of striking effects and guestionable elements led 

us tc Dake a rather lengthy critical study. We think it would Le 

interesting to outline thE main steps ~ere. 
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In order to avail cnrselves of varied cpinions, sinca August 

1976 ua have writben do~n all of our observations, reflections. and 

doubts in a provisional repcrt ~hie~ was sutseguently distributed to 

~any scientists: In this refort 4 ~E mentiopEd wbat we knew abbot J. 

P. G~rard as a prestidigitator and scme of our doubts concerning the 

' 1Jrops" which he could have used mere ex: .le.:::s ccnsciottsly during the 

test~. This report was SUfplemented with the presentation of 

documents {test pi·ecesw mic rophoto gra r:hs, d iagr:ams., n video 11 

.re<i:c.t:dings), with sampling cf the r:eliable t<~sts and others vhicl1 

were not as reliable, since it would have teen wrong to present too 

optim1stic a selection. WE also showed varic~s films of ext~rnal 

o::cigin, thus of unequal significance, iu t.~ESE p:esentations in oraer 

·to enlarge on the informaticn on certain parts. French and foreign 

illusionists attended scme cf the presentaticn~; they helped us to 

~efine our opinion in certain areas. one of the~ discovered an 

indit~tion of trickery·i~ a film wbich J. P. Girard got for us 

without telling us that it was fak€d. The orinicns gathered during 
"' r 

all of these discussions helped us make the critical study of our 

documents and var:ious ver:.ifications ~llich ue have made since that 

tirr£o J. P. Gi~ard agreed to scme counter-tests, at least one of 

~hich is very intorestingto 
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Fe ct note: tTest No.. 4 of Table II.. End footnote 

All o~ this tqok some time~ which explains the long delay between our 

initial tests and tbe affEarancc of this article. But we feel that 

t.his critical study has gone far enough." .if not too far, and. that the 

time has come to publish our most charact~ristic experiments. 

Thus, the selectiop which we are prcserting is the result of a 

ler;gtby screening p.rocess. In only twenty out ,of the 150 test pieces 

vhich J. P. Girard deformed cr transfcr~ed in front of us or our 

ccllabcratcl:'s could we IOSitivoly confirm tl.o "abnormal" nature of 

the e~fects observed. In this report we w~ll describe eight of these 

cases) tbe most characteristic. Brrt it ~ust be roioted out that the 

uajoLtty of the tests which were eliminated were definitely validv 

' for w~ used too strict a screening process to ~liminate the 
r 

demcnstraticns which did not follow i predefined operating procedure. 

Ctb<:r tests with extenscm<.;ti:ic gauges will te pt~blished latec .. 

~bus, our concern for strictness eliroinateE rather remarkable 

cbseruations concerning deformations at a distancev deformations of 
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cbjec~s or test pieces in the hands of t~e cbservers themselves who 

were above any suspicicr« or those held on either side by J. P. 

Girard and an obs~rver. 

IVhe t.ests which will be described uere cc;nducted under our o-wn 

re~r:ousibi1ity with the authorization of ,pechil}Ey-Ug:i.ne-Kuhlmann .. We 

uould like to thank those of our collaborators ~ho were willing to 

help us ig the delicate study of this cc~ttcversial area, in 

,t:arti$::ular r1r .. J .. Hauch, ~r- G .. Jollant, and ML· .. B .. Dubost .. We would 

also like to acknovledge Prcfessor J. B. HastEdb professor of physics 

~t EiEbeck College of tte University of LoQdan~ for agreeing to 

srcnspr a test in his labcratory. 

Descr~ption of Tests 

In order to make it. impcssible for J.,.. P~ ,GiJ:ar o to surx:ept itiously 

tend a test pieceg tie oftEn used bars with a rather large cross 

sectir;:n made of various metals: in particular, alnminum and light. 

alloys (test pieces 250-350 mm long and B-1? mrr in diamet~r)e but 

alsc dcpper 6 soft steel, stainless steel~ and magnesium. Ue 

aetermined the forces (bending mcments) ~ecessary to bend our test 
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pieces by measurements and calculations. ln order to be able to 

compare the values of tte resistance of the te&t pieces to the forces 

~hich they could have withstood if faking ty surreptitious bending 

o~curced. we determined the 1axiwurr mcment \hich a man can create 

~hen seizing a test piece in two hands using all of his strength ••• 

which could not go unnoticed! For this fUrfcse. we used a 

dynarn~metric key with handles 400 mm long, which we tested with many 

indivtduals. The maximun ucnents vary with the individuals from 20-38 

N•m; d. P. Girard created 26 N~m with a ver} visible effort~ These 

values ~ere confirmed b] direct tests en bars; an example of this 

uill ~cllow (session of 27 Cctober 1S76). 

Since our purpose here was neither to describe all of these 

testsJ nor to make a critical review. ~E selectEd the tuo most 

tyficbl sessions for this article: 

.. 

SessiQn of 31 March 1976 at the Alum±nu~ Tichnical Center. 

Exper~roenters: J. Rauch and G. Jollant. with t~e aid of a video 

rEcording assistant. 
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nuring t~is session, in a rocro adjacent tc the room J. P. Girard 

~as in, G. Jollant 9 an experimenter, took a tar of hardened 

dural~xinum of alloy AU4G, state T4 (i.e.~ hardened 9 age~ 250 mrn 

.h.mg a11d 8 1n m iu diametEr. lts hi. g h cr. i tit: a 1 be r.ding moment {15 N >t~m) 

Kakes it im~cssible to te~d without a vi~itle ~ffort. G. Jollant 

rclled it en a deske stated that it was not out of round~ marked it, 

and placed it himself in a ~lass tube wbich be closed with a stopper. 

This is the cqly time which we were able tc arrange it so that J. P. 

Girard did not touch thE test bar to te be~t tefore it was enclosed 

in a tube .. 

G- Jolla~t brought the closed tube to J. Bauch~ who immediately 

gave it to J. P. Girard- ana everything •as filwed from then on. 

Eitbe~ the stopper, the tar in the tube, px botb were always visible • 

.1\fter concentrating- and. dec.lar.ing that he felt somethingf! J .. P ... 

Girar:d gave the tube, still closed~ ·to • 
J. Fauch. Mr. Bauch uncorked 

r 
it 6 r-e!llOved the bar,. whict wa:.:; visiJ)!y bHnt, ar:d placed it on the 

a~sk. then on a flat bar in order to bring cut the bend, ~hich was 

tLus ~ade very obvious. Thi~ bend ~as 2 mm. 
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scssipn of 27 october 1976 at Grencble 

Exrerimenters: J. Bouvaist and E. tutost. 

Here we will describe the test made on the thickest bar. This 

wa8 a tar 17 mm iq diameter and 300 nm long made of alloy nu2 

(2 .. 05~/C ccprer) i:n state Tli {hardened in ccld 14at<-)r and aged for cne 

year)g Referegce marks tiere engraved iq thE mass of this baru and the 

placement of small charactEristic flaws ~erE ncted~ It was taken to 

the exFerinental site in a different car fr<m tte in one which J. P. 

Girard was transported, and it uas the cqly one of its kiQd in the 

exrer~mental batchw 

lhis bar was preliminatily subjected tc bemding tests by very 
' ·' 

stron~ meQ 8 a~d only one mar veighipg 140 kg was abl~ to make a 

sljght~ but significant 8 deioraaticn~after ~mearing his hands with 

1ra.gnesium (a bem1 of 0 .. £ rrm cot:res:ronding tc a!) applied mom,?nt of 33 

N•ro) .. Then the bel) ding r;lane was rnark€d hy !:CJ:atches made on the two 

Ends. Previous tests made it possible to ccnfirR that even using a 

fixed half-length suppc~t, an average roan cculd not even increase 
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this defo~mation by applying bis enti~e weight (65 kg) to both ends. 

During the tests~ the two experimenters sat at about a meter 

away 90 either side of J. P. Girard, whc w~rked in shirtsleeves, with 

his s.J.f!eves rolled up, ~ithcut contact,., J, .. P .. Girard di:;formed this 

tat fpur times in successicn by holding o~E end in his right hand and 

ljghtly touching the frEe rart ~ith his left hand (bends 1 and 2) or 

ty flacing his left hana five em atove the fpEcimen (bends 3 and 4). 

lfter each deformation, cne observer tcck tte profile of the test 

tate while the other remainEd next tc J. P. Girard. The two largest 

defcrrrations 13 and 4) could be seen with t~e eye; both were produced 

tcward the bcttom during a time on the ordex of 10-20 seconds. After 

each deformation, it was verified that no beating up could be 

detected by touching the tax with the ~andv and that the bends made 

ujthout fonce by J. P. Girard ~ere all iq tte same plane (inclined by 

34° r~lative to t~e initial bending plane mentioned abov~, marked by 

the gzooves indicated atove. Ttese grocves alsc made it possible to 

verify that the same har: Vias !Jeing used at all times .... Immediat.ely 

following the ex per imen tj; tl: e q;ec i rnens- were r 1 ac:~d in a brief cctse 

and taken to the laboratory. 

We will qow descrite tte labcratcry ~c~ts: 
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Birst# in the labc~atory we verified ttat all of the marks, 

groovBs and flaws which were origirally made c~ the bar ware present 

en the bar returned frorr the experiment. Tbis rrade it possible 

unequivocally confi~m that there was no sutstitution of t~e specimen. 

Figur~ 1 shows a picture of the bar after tbe esperiment. 

r -~. 
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Fig. 1. Phctograph of AU2 tar 17 mw in diameter after bending. Scale 

i r: ceu time ters .. 

.-. 
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the following tests were made fo~ the nondestructive 

characterization of the charges made iQ the ba~ - more specifically. 

in section A - corresponding to the maxiauro curvature. We can see: 

- a significant increase in the hardness cf the two grains 

lccated in the bending flanev reaching a maximum of 11 points Vickers 

(or 21o;~ in section A* which corresfcnds to the maximum curvature. 

~he l~ngth of the zone in which thE hardness exceeds the initial 

value is around 12,0 mm (60 rrm on either: s,idE of section A)., 

~ the hardness measured on the circumference of section A 

fe~rendicular to the bending flane is th~ maximum in the bending 

plane~ and varies linearily Hith tte side xelative to the neutral 

line. as in the case of simrle bending. 

ln order to determine the mornept which must be applied to the 

tar by mechanical bendirg.i~ order tc cttait t~e permanent bend 

cb.scrl.'ed, iW mechanically bent a ccntro1 bar wllich H~s identical to 
.~ 

the p:.r€ceding one v1ith a diEtance of "200 rn hei\ieen the fixed 

surrorts. The variation in the residual bendin£ measured as a 

fu~cticn of the moment arflied is given in fig. 2. From this we can 

coqclude that in order to attain the bend ctscrved on the bar bent by 

"1.. P .. Girard {fr = 13.., 5 mm) 19 it uould l::e necess<J:ry to apply a moment 
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M cf around 75 N•m, or two and a half times tte critical moment Me -

3C Nom
3 

and twice the rncment eJerted ty thE strcngest man whom we 

tested. The tqtal deforffiaticn energy can ~e calculated at 11 J. 

-~. 
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Fig. 2. Diagram of bending as a function of the moment applied to a 

ccntrpl bar identical tc that .in Fig .. 1 .. l<EY: (1) Moment applied .. 

(2} Exr:et:iment .. (3) Calibrntion curve .• (~). EEno.s. (5) Max .. for men, 

(6) t1ean fer: men with the force of two hands., {1) Residual bending a.t 

half-lEngth .. 

(~>) ~ .. , .. 1, 6) 
ll;phQut 

I 

EXPERIENCE 
(::)_) 

$6=17•• 
L : 300"• 
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The preceding results rrake it possible to completely exclude the 

hyrotheses of surreptitious deformaticns pf muEcular origin which 

ndght have escaped notice by the observers .. Furthermore .. the fact 

that ~normal" consolidation of the def~rmed zc~e is observed makes it 

rcssible to exclude the surxeptiticus use of thermal or chemical 

~sans to decrease the lccal mechanical ~trengtb of the alloy. 

ln conclusion, the SEt of observations made during and afte~ the 

exferiment en the duralumintm bar ~eformed ty J. P. Girard during the 

Ex per.~ m.ent of 27 0 'ctol)€ r: 19?6 rrakes .it FGIS.sib le. to conclude: 

~ that the successive deformaticnF realizEd were not and could 

not h~ve been produced ty the normal muscular fcrce of the subject¥ 

- that t4e final deformation attained ~as in all ways comparable 

to that which would be obtained by applying a FOint force of 1500 N 

in the middle of the bar ~bEn resting CI ~WC SUffOrts •. 

--. 

Tests en Stainless Steel 1n Closed ~utes 
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Naterials and Working Ccnditicns 

During the session at the AluniGum T~cbnical Center on 25 March 

1916, three experimenters (C. crussard, J. Eauch and G. Jollant) and 

fcur gther spectators otser~ed martersitic tranEformations, with or 

~ithout deformation, of test piece~ made frcm a cast of austenitic 

stainless steel with a ~pecial ncnccawercial ccrrposition which had 

frevipusly been used for sttdying tbe martensitic transformation hy 

deformation .. This cast Ess.srtially cc rtai.ne Ci: C:r :::: 17 .. 8%, Hi :c:: 7. 4%J' 

rwo test pieces left over frcrr this study ~ere used for this 

fUifole. These were cylindrical test piec~s (7 am in diameter and 85 
·' 

rrm lcog) with smooth heads 12 mm in diamet~r. ~bey were subjected to 

hardeajng in air at 105C°C {one hour)nra salt tath), finishing 

t~aatroPnt, and nitroflucric co~rosicn, whict gave the body of the 

test £ieee a matte look. The rEsultant structure is nonmagnetic, 

except for several fartE of the machinEd surface layer. Tbc 

~artensitic ttansformaticn feints in this statE are: Ms = 140DC and 
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Whese two test pieces were given to J. P. Girard for several 

days. At the beginning cf tbe sessicn, they were marked No. 2 and 3 

in la£ge numbers circlerl with ar ir~egular circle. Another test 

fiecel marked No., 1 in the same ma11ner:, was used for anothe.t: test 

~hich was not significatt and will te used again later for a 

siroulatioQ counter-test. Its mark can be seen in Fig. 5. This was the 

fi.rst time that test piEces of this type wc:re usEd with .J .. r .. Girard 

and tbat they were markEd liko this~ Ttes~ ~ere the same test pieces, 

111arke.a in this manner..v :tdiich were taken a;t tb€ 112nd of the test under 

the c9nditions ~hich we will see; there was no fOssibility of 

. s u b s t .it uti c n ., 

ilfter: marking, one of us (C .. crussard) verified the straightness 

of th6se test pieces (Nos~ ~ and 3} by xolling them; they were not 

" "cut 'f round~" He also verlfied their magnetic state~ A quick and 
,.... ~ ...... 

sirrple wethod of evaluating point·-to.:.ro.inb Ltagnetism for this pur.po.se 

ccJ)sists of using a srna11 FCI.ile&ful horseshoe: magnet made of: Ticonal 

15.00 j{polai: surfaces of 7x4 n:m2, 8 .. 5 n1m c.q:lait.) suspend(~d at the end 

cf a chaiq. To make the mea~urement, cge changE~ from a position iu 

t~h.ich the magnet is in ccntact l>lit.h the test piEce, with. vertical 

su~pensim1; the test piece is g r.ad tally wi tl::dra l\U until the magnet is 
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fUlled away. Measuring tte lcrizontal distance from the magnet to the 

te~t yiece at this point Dw and knc~ing the roa~E of the magnet (22 g) 

and the length of suspensiorv ~~ can calculate tho palling force F. 

During this verification in the middle of tte two test rods and on 

th€ heads.,. the distance n dt:fined at:cve did net exceed 2-3 mn~-. This 

ccxresr:cnd.s to a pulling force P on th~ or\lEr ;cf 0 ... 01 N, due to some 

t~aces of surface martensitE caused ty machininq. 

After this checkF the test rods WGre rlaced on the desk behind 

which J. P .. Girar.d was lWrlting {in rclled-·UF. shirtsleeves) in the 

field cf view of the video camera, ~hich Aid net turn away from them 

(:wQile J .. P .. Girard wol:lted ~ith other test rie:ces and mad8 an at·ten1pt 

at a light-alloy bar without leaving his seat) until the following 

EXfELiroents ~ere begun: 

a) J •. P. Girard carefully grasps test tar No. 2 by one head and 

~ithont exerting force (tte filu makes it rcssitle to confirm this)" 
- ,. 

rlaces it in a tube and stcrs it with a cork (always in front of the 

camera). takes the corked tube sguarely in ~is hand (the left hand, .- . 

~ith the cork always reroaining visible), and cc~centrates. He then 

gives the tube to c. C~tssard and does not touch the test piece from 

tlds time en. 

c. crussard removes the test piece frcm the tube: it has a 
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slight bend, but very close to one tiDd 6 visitle to the eye, and which 

be verified by rolling the tiece. Tte verificaticn with a magnet 

indicates very strong local magnetism near this same end (see Table 

1}. S~nce the entire operation was filmed, LO sutstitution could have 

taken flace. Co Crussa£l returns tle test tar tc its box for future 

study; 

b} J ... P .. Girard takes tes;t bar Nc., 3,. hhic~ has remained visible 

thrcughcut this time. The same operations as fer No. 2 a~e performedv 

EX¢ept that one spectatcr, at cne tirree blccks the camera. After J. 

r. Girard had concentrated, c. Crussard took tbE corked tube back~ 

xemcved t~e test piece frcm itq and rolled it~ ~his test piece 

remained straig-ht~' but never{J;eless its local rragnetism \'las simila.J: 

tc that of test piece Nc. 2~ but this time ~ithout deformation. It 

was returned to the box, alsc for study • 

.-· 
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Table 1 .. K E Y: (1 ) f1 e a sur. o roe n t. ( 2) ·r est p j e c e .. ( 3) Ben di n g o f one 

side .. (4) Eending of th~ ctler side .. (5) ;eean ln:nding .. {6) Pulling 

fcrce t of the magnet {N}. (7) one heao. ,(8) (ind of cylindr.ical 

shaft... ( 9) mid d 1 e.. p 0 ) c the r end of c y 1 in d r i c a 1 s haft • ( 1 1 ) o t. her 

1Hiad .. (12) l-laximum value. 

(•J· -~~~ -M~'" ': ----- ~~~:::"~'U:11.~)E-~-~-~~~~~ t-lcche d'un cote y 1 (mm)l· 2.5. < 0,3 

Flcche de (ti . '1 

I' outre c6t6 y 2 1 ;I' . < 0,3 

Flcche ~,) I i . 
yt+y2 I 

moyenne y = ------·-··-·---- 2,1 I < o.~l 

2 I 
'C:) -··-------------- ·-·---------- --·----------···-1 ______ _ 
\force d'arrachcment f de 

l'aimant (N) : 

~'1}. une te\e 0,12 (*) 0,03 

.f~) extremite du Wt cylin- I 
. drique I 0,15 ~ 0,22 

-~~milieu . j 0,02 0,03 

1? l 11utre exl r6mit6 du Hit ; 

=;~ :::~;:~~~~:_cc=o== I_ 3~~-~=J -~ :::~~-
(*) Va~cur moximale. (i 0:j 
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I~itial Measurements 

lhe next day, c. crussacd evaluatea tte ~afnetism an~ 

deformations. The same rragnet was always usEd tc evaluate magnetism; 

the pulling fox:ccs P definec aboVEl are indicated in Table 1 {at close 

to 0.01 N) ~ In order to evaluate tte defarrraticrs Y* one of the heads 

..:as rlaced against a ruler: ;end the distar~{;;E h:tween the other. lH~ad 

(i~side) and the ruler was measured. We ccijfirmEd that the test 

The bend close to cue tead cac te see~ vaiy clearly in Fig. 3. 

lig. J. P4otograph of stainless steel tes~ fi~cE No. 2 after the. 

·ex per:· .:i ment .. 

. ~;~~t;tr:qr.~:~:~:'~~'S~~t:':Z:S'E::.:~-::1??{~ 

[1~tis:~Jlil~1X1!:1~1~tt"1~:{t~~~~~if51f~1~J~I~[~i£2l 

.. -~ . 
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La bora tory Tests 

waxious tests, alsc destructiv~, were made on test piece No. 2. 

The har was electrolytically cut even with the reagnetic head. Thus, 

it vas rossible to insert the roagnetic end cf tte cylindrical part of 

the bhr into the spool of a Sigrnatest device: the specific saturation 

uagoetization is 2 ... 8. 1:1hich corresfonds t(O c prcportion of 1.,9Q/o of 

the magnetic phase (a'} .. 

Par test piece No. 3, the nondestructive X-ray study r~vealed 

natteoEites o' and £ in the magnetic zone, tte latter in a high 

rxopo~tion, iq addition to austenite. 

rHc:r.:orhotogr.aphs (test piece No .. 2) .c·n a surface, polished 

rrechankally~ t.hen elech:cl~tically (rig~ 4a arp; 4b) reveal a mixture 

of mal>tcnsites e aud a•. Ccr.pax:c:d 1dtl1 fL'eiljc:o.::: studies made of this 

Eteel~ we can confirm that these structures have neither the facies 

cf a ~a~tensite obtained by cocling 8 nor thet cf a martensite 

rroduCEd by t~e densitizaticn of atstenite ~y beatin_g it. This could 
,.. r -

cnly be martensite from defcrmatiop (with somE traces of martensite 

du~ tp the preparation of tte ground surface). The martensite density 

appears to be rather uniform over the ertire cress section: in spite 

of th~ uncertainty which al~ays accompanies micrography due to the 
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field se.lectian. Figures Qa and b sbow comparatle appearances on the 

surface aqd in the interior. The amount of !artensite observed on 

these micrographs corresfcnds to these ~hich ate obtained ~ith this 

steel by tensile strain of ~-10%: thus, it is much more intense than 

that ~hich would corresrond to the slight l:€nd.ing obserV!i:Jd ('fig .. 3),~ 

Its localization is very surprising. 

,. --
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Fig. 4. Micrographs of the locally tra,sfcrrred zone of stainless 

steel test piece No. 2 {a) near the surfacE 6 (l) in the intericr~ 

.. 
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Simulation 'rests 

The local magnetisn cf the bead cf test ~iEee No. 2 could not 

have been missed in the verif:icaticr: made at the beginning of the 

test, \lhich was focused espEcially on the lHads. 

Nevertheless, since t~c confirmations erE letter than onev ue 

asked ourselves .if we could imaginE a rneuallurgical process capable 

ct rroducing these localized martensites ahile leaving the test 

pieces completely straisht cr merely sligbtlt bent. 

Since l<iE are dealing with cold-ro1Jed nartensitel' \Je must 1wrk 

~ith defcrruation. The closest means of Eepraducing its localization 

w,.it)l thi.s abuqdance near onE bead is alter;:at.ing bending., H{~ 

ccnductad tests o~ another test piece~ No~ 1# w~ich was initially 

nonmagnetic: it was necessa~y to flace one tead in a vica6 bend tbe 

.tar by around .30°'" and £trajghten it .. But. due ,tc the special 

rrcre~ties of this steil.~tte test FiECE was VEIY visibly formed into 

an S (Pig. 5). In order to straighten it bask .cutp it would be 
r 

necessary to tool a die and restamr the piece en a press! Another 

djfferetce: en test piece Nc. 1 thus treated, the magnetism on the 

eqd of the shaft was comparable to that of test piece No. 2. but the 

!:ead was l)Ct magne;tic., ~hicl~ is obviously ·ncrmal .... 
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Fig .. 5. Tc~st piece of stainless steel Nc .. 1 a.fb<:.c a simulation test .. 

A micrographic test made on another test piece which was bent 

€ven more and straightenEd r:Eveals. ccld-r·9lled nartensite11 but \dth a 

iery distinct heterogeneous distribution: tte reartensite density is 

lower in the interior than en the surface (Fig. 6a and b)q which is 

~crrral. but which diffezs from test piece Nc. 2. In order to obtain 

unifoxm density in the cross section and i~ thE amount observed, it 

~auld te necessary to bE able tc crEate teneile strain deformation 

lccal~zed en the end of the s~aft and in t~E head (on the order of 

5-1 09b for test piece No.. 2, and at least 1 0°7b for test pir.'C e No.. 3) 11 

but which would not appreciably change t4e 6iameters of either the 

shaft or the heada. / 

r 

Pcctnpte: tPor test piece No. 3, a slight dEctease in the cross 

sectipn {0 .. 5\7&) was measured i.n the zone ~hicb l:ccame magnetic .. i~€~ 

wl~l point out that we could have also con~idctEd simulation by 
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tuisting, but we could not ~ee how this could result in deformation 

localized near one hcarl a~d in it~ Erd foottcte 

It ~ould be necessary to have a series of hammering out and knea~ing 

cycles~ all done without leaving a rrark on tbe test bar! 
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Fig. a. Micrographs similar to those i~ Big. 4~ but for a test piece 

s u t j E~ c ted to a s i rn u 1 at .: c t e t: t.: (a) n.e a r: t h c s t r face , ( b) i n the 

inter~cr .. 

r 
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CoQclusion 

the group of observaticns described atcve rrakes it possible to 

state;: 

- that a local roartensitic transfc.rmaticn was created :in two 

test pieces during the test 6 accomfanied .by slight bending near one 

head ~n one of them; 

- that we uere unalle to think up a si~gle simple metallurgical 

Cf•raticn ~hich was carable of Exactly duplicating the structures 

ctserved in t4e transformed zones. 

Lccal Changes in Hardness of Metal PlatEs 

i.L. P.. Girard performed this ex per iroen t four t.i mes in differ.en t 

places and in front of aifferent observ~rs~ turing the first session 

(27 octobAr 197~, one cf tte expeximenter~ suggested that he 

imrxovise a new type of test: hardening a mEtal plate in attempt to 

~ccmpress" the metal. Excert for a few closE 4etails which will be 

pointed out, th«: qxperirrental procEClu.rc~ used fer. this test, as 'triBll 

., 
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as for tbe three others. ~as as fcllcws: J~ F. Girard was given a 

duralvrrinum Flate whose dimensicnsu ccmrositic~ and reference mark 

vere Rncwn only by the exFerimenter {and wbicb ~ere different for 

each new experiment). Initiallyv J. P. Girard came into contact with 

the t~st piece by rubbing it or touching ~t witt his fingers under 

tbe clcse supervision of thE experimenters~ T~E experimenter then 

p1aced the test piece in a <o:rked glass tube after ver:ifying its 

Etrai~htness and the reference mark. 1heq tte tube vas given back to 

J~ P. Girard for the test. !he test piece remained in the tube until 

tbe lbbcratory test. Fci test No~ 4, tte phase in the glass tube was 

£liminatede since it prcvided no additicqal guarantee after the 

initial procedure. which pexmitted haoa contact during the initial 

fh a~:e .. 

~est Materials and ~or~iqg Cooditicns 

~. 

irhr~ four- plat12s ul:dch \\ere changed· ~E~€ made entirely of 

dutalV:Jn:inum in state T351 {hardened at 505°C i11 cold 'Water 0 relaxing 

str:etr!hing of 1 .. 2-·27r, aging for at 142ast 48 .hqurs) .. Two compositions 

w~e used {quaternary aluminum alloy A-U4SG wit~ a noncommercial 

c<: ror-osi tio 11 8 and i nd ust x:ial alloy :t Q;17) ... Jul ano myrna us symbol engraved 

en tb~ metal Qf t~e plate and ~hich ~az difierett for eacb experiment 
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perroitted the observers tc tneguivccally identify the test plate by a 

sirrfle glance. Each plate czme frorr a tatch of identical plates which 

were subjected the same treatment. and the control plates of each 

latch were preserved in the labcratcry for ccmrarison and future 

simol.ation tests. Table II summari2es the places and the 

charatteristics of the test data of tb~ fotr ezreriments. 

r 
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Tal:le II ... KEY: ( 1) Test ... (2) Date .. (J) P1ac<: .. (tq Obser:ver:-s. (5) 

Initial characteristics of ~pecimen .. (6} Tyr:e .. (7} Dimensions. (8) 

FEference roark .. (9) Lonccn .. (10) and .. {11). tall-testing. ( 12) •reeling 

t llall-testing .. 

(_I\ (a_;) u~) (c)) C~lriJC!cristiqucs initiates lit,.} 
Essai Date lieu Observateurs ("!>:'> de l'cch<Jntillon Nature 

! --~---~-·---~-------- --------. -----·----~--

: f;) Dimensions ~-) llcperc -·--- .... --·---- ---------------- ---------- ---·-- -·-·----·-..... -- ---·---------·------1~= --------·-·-- --~-----· -------
; ~u) 

1 27.10:/6 . Grenoble J.B. et B.D. 16 X 2,5 X 150 ! 11-1 A-U4SG-T351 
• I 

2 25.11.76 ' 

3 25.11.76 

4 10.10.77 

Lyon 

. Lyon 

r.,) 
Londrcs 

0~ I i 
J.B., P.G. ct J.G.: 11\ X 2,4 X 160 I 11 · J 

l ' (!OJ I 
J.B., F.G. et .J.G. 14 x 2,6 x 160 I 11-H 

(j.,'l 
J.B. ct .UL 12 X 3,0 X 1GO VG 

A-U4SG-T351 

A-U4SG-D51 
+ bill«gc 

(n I 
A-U4G-T351 

r; usince + 
H bj brillantcc 

' I 
-:=.":":::=c===--·--·~=~c=-=.:.:==.::..=:.:=--==--:::::-:=.:"".;::.:_--=-. • c .. 

1 
...... ==:::.==-=:c::=-:o::.o. -:==-==-=-·'---:::::::::.-:=..-::::.o-=-:-==-=.o.:; 

.- -- ' 
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Cbservations During Experiment 

First Test: 

During the phase of contact of the tifs cf the fingers (-2 min)g 

l-Ie sudcessivoly obser.vetl twc slight tenaings of plate 11-I of (+1 1>1m) 

and (-0.5 mm)m ~espectively~ in opfQsite diLections from each other. 

1h~n tbe test piece was placed in the glass tute with a total 

residual bend of +0.5 m~ (tle slightly convex grain corresponde~ to 

the engraved surface). 1hE tube was then given tack to J. P. Gira~d 

t }lice (5 min) .. 

!:ecc nd test: 

Nc bendj.ng before teing placed ~n ~hertute. Length of exposure: 

tbr:e0. miuutes .. 
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~r hi rd 'I est :: 

mest piece 11-H vas freliminatily shot-peened over the length of 

t~e twc surfaces to see if additional local har~ening was possible. 

Luratjcn: around tbree ruinutes. withcut defcrmation. 

J:oux:th Test: 

!est piece VG was tested twicE ly J~ F. Girard (duration of 

exposure: twice for two minutes). 

Fer the four tests. conpa~ative examinatic~s of ·the angraved 

•arksJ dimensions, weights, and thE marks o1 iqitial hardness of the 

test pieces confirmed ttat the test fiecas retuined to the laboratory 

~ere definitely those ~hich were preparEd fer the experiments. 
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Haidness: 

After elqctrolytic polishing, the bardres~ was measured with a 

lickers microhardness meter under a load of thrEe kg (-10 N) on the 

tv~ suxfaces of the test pieces subjected to tbE experiments, as well 

as on the control piece~ ll€ft at tl1e labo.rato:r:y .. The marks \'!1er:e made 

ldth sr;:acing of from onE to two mm (d.epeilrUng c11 the case) .. 

Double-blind countermeasures used ty different operators {for tests 2 

and 41 led to equivalent results. 

the results obtained by this techgigue~ t~c cases of which are 

sbqwn in Figures 7 and 8q &ake it rossibLe tc rGveal appreciable 

t:inultaneous incn~ases in hc:xdncs.s on the tiHJ )crposing surfaces .. 'rhe 

leQgthi of the modified zones and the maxtsuru increases in hardness 

are reorganized in Table Ill. ccnsidering tte dispersion 

(cbaracterized by the t}pical deviation inficattd in parentheses at 

tbe seccnd-to-last column) c in a ccmpletelJ valid manner. these 

cbseruations show that the metal was cha~ged during ~he four tests. 
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Fig. 7. Hardncsses measured on the t~c sidEE of light-alloy test 

Fiece 11-I 8 after test. K E Y : ( 1 ) v i c k H~ s t ax: a ness .. ( 2) T est pi e c e 

M-I .. .(3) Side. (!+) Load.. (5) Distance to t.b.e merk.ed end .. 

(1) 

AU<~ SG T351 DUfiETE VICVJ::I<S 

(.:);) eprouvetle 11 -1 

uoo 

face: 1 
tl) 

charge. 21fl4 joJ 

~) 
13JO 

1200. --.---------------------------~ 

1300 

1200 

1100 
0 

(?. J 
face. : 2 

~~ , . ' , ~ 
dstanc.e a l ~ ex\rem\e reQ?nze 

--'----~a····-- ~·---·l?>o·--·-·-- -· --15.0 --\;;."\"\\ 

... .~ . 
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Fig. e. Hardness measured on the two sides cf light-alloy test piece 

VGg before and after test. KEY:: (1) Vick<::r:s hardness. (2} Plate VG .. 

(3) LQad" (lq Marked side .. (5} Un~rar:ked side .. (6) Distance to marked 

t:lld ... ){7) Hardness at mid-tddth {0 ) before/{+) after experiment .. 

Q) . (j) 
DURETE VICKERS plaquette VG. 

('i) 
cha.'fge : 2,94 daN 

130~ 

1J1li!:L!11J: ,. ______ .------···JJ~-J-I.iTI.Jj.l-;·J""' __ ------;------.,.-
... ., ••• I I 1 .. .o .. • •• • . :2x:2U'" 

, 200t. -.:-:··:·-.. "-- ":-, pit UlJL .... :-'::-·~-. • ..----
·-:-----.. -· --------- ------------------~------·"·-

. - _.. . (co) , . , , , 
1100 ---- _____ ----·- .. c:Jr~t:>-2~~--- ~..J.._(>-?:!!"~0!~~--.rczJ?.ZJ:ee 

0 ~0 \00 150 lmm) 

, o o avant 1 " . -durele a mi largeur 1 , .. expenznce 
c:7) ~ + apres l 
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~able III .. KEY: {1) Test .. (2) Test piece .. (3) Maximurn hardness i.n 

th-e chang~d zone (l1Pa). (4) Initial hardqe.s.s. (5) End of plate. (6} 

Cc~trcl (standard deviaticn) ... (7) Sign.i ficar.t.ly changed length {rnru). 

(c) s~.de .. 

=-==u·)-==~-==--L;;=,~=~~--·.··~r:~:~~;:l:::i ·,l::~~i)·r_ -~---~_:_-~(;~--~~~~;=~~~~~~=~~- __ ~--~~~~0

~;:~~;~~~~~~~=~·-=-~= 
.-·· Essal .. Eprouvctte l dans Ia zon: mo.difi6e~:;.) Extr6rnit6 (b) Temoin . modifice 

1 ,_ · ·. . · o. I. ; • '(MPa) -' p!aqucttc (6cart..typc) · . 1 • (mm) _, · 
---~----~-------·- ---------------· ------- .:_~~--.,.----~ ~: .. -:··,---t~.--:~. 1,----- _ ------ ___ .. ____ ------~~~:::_ . ..:.:_{. ___ .. .: _ _:;. _____ __ . (_L _'~2i~L.L' __ ._-, _,.._'.:·.:~ .: ___ :~:-

2 

3 

4 

11 • I 

11 "J 

11 • H 

VG 

. . . . , .. -
(~Face 1 1340 j 1240 1220 (15) r.. 20 
(t,':face 2 (R) 1290 

1 

1200 1230 (14] 30 

~~~ace 1 1340 1180 1180 {20) 20 

I 

1190 ~'face 2 (R] 1310 1200 (21) 

(,?hce 1 1420 
\?>'+ace 2 (H) 1380 

trrace 1 o~J 1210 
(g)fnce 2 1290 

1290 
1260 

1200 
1200 

('1) 
(9) 

1210 (15] 
1200 (10) 

20 

20 
15 

35 
35 

~e can see that t~E Jaxiroun harde~iqgE cbeerved range from 6% 

(t~st 4) to 1~~ {test 2). wit~ an avErage of 8~. Six'Vickers 

imp:-essior~s were made .before ·the expel:iman·( at nid-lenijth during test 

4. since hardening alwa]S occurred in this zcnG in the preceding 

tests) yielding hardnesses cf 1200-1~10. This uakes it possible to 

ccrrrletely eliminate thE hyfothesis of t4h ncnuniformity of the 

previous hardi}ess .. l~e \dll t:cint out in pax:.dn.g that this teHt is 

Approved For Release 2000/08/10 : CIA-RDP96-00787R00020001 0003-8 



Approved For Releu,e 2000/08/10 : CIA-RDP96-0078i!R00020001 0003-8 

Df.1C -- 1314 PAGE 39 

farticularly interesting because it ~as conductEd in England by 

r~ofessor J. Hasted, an6 tEcause tle bardne£ses were remeasured 

"blindly" and confirn<EHl in an indefendent F.r:glish labora.tor:y at the 

El~ctrical Research Asscciaticn. 

ILternal st~ains: 

~uo techniques were used to reveal ppssible differen~es in 

resic1nal lcngitudinal strairs in tl:e mca:ilfi.:o 2cnes .. The technique of 

superficial measurement by x-~ay diffractic£ (the sin2 ~ method) used 

en sp~ciwen 11-I i~dicates a significant ch~nge in the r@sidual 

lc!Jgitudinal strain on the tl'JO oppcsing sidEs cf th-e modified zone: 

esEentially, we see residual strain cf -80 !fa en the unmarked side 

(slightly concave)" and cf -+80 MPa in trc crr;csing grain (marked) .. On 

th~ utchanged ends. we find again the state of internal strain which 

is nar:mal for: this rreta1.1tn::~.ical state ('1'35'1) 41 cr aR ~;!... - 15 .NPa,. 

Whis roint was confirmed by mcasuri~g the relative deformaticns 

created on side two during gradual chemical treatment of the entire 

o~:::;o.slng side ( 1) on test fj€ce 11-.1,. U~ing th.is technique {called 

tbe R~senthal-"ortcn method). we otserve a considerable and 

si~nificant variation in the calibration mark lccated straight above 
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the m9di fied zone., while a rna rk located on t be sa me grain, but 2 5 mm 

fl:crn the modified zone 17 cxh.il:;its ncx:ual behavicr similar. to that of 

the tMc marks on the ccrtrcl piece. 1hus17 WE can unambiguously 

coqcltide that the local change in hardness is associated with the 

lt.!lcal change in the state c:t x:.esidual strait. in this zone .. 

Pli<:: I ost:ruct ure: 

~he test ph~ces modifiEd during tests 1 and 2 and the 

corresrcnding controls 'e~e examinEd under o transmission elect~on 

microscope (100 kV). Thin slices wbose thickn~s£ was carefully 

reduced in cxder to avoid any defcrmaticn wEre taken parallel to the 

surface at mid-t.hickness and on the tl-10 oprcsite silies of the 

n~dif~ed zcne of test piece 11-Jv as well as in the modified surface 

zcqe lside 2) of test pic~e 11-J. 

:J;n both cases, we can :::ee that the rnodific;;a zones have 

chara~teristic microstructure ~ith a very tigh density of small 

di~lc~ation rings a£oun6 ~00 angstroms in ~iaroeter (Figures 9a and 

10a ana b). At mid-thicknes~ ~e find a lover ring density 17 but one 

~bich is significantly greater than in the initial metal taken from 

the. end of the test piecE (fig .. 9b) a11d frc~ a control .. 
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Fig. 9. Electron micrografh5 of the thin slice and electron 

diffraction diagcams of light-alloy test 'piece 11-I: {a) sur.face 

{h) unchanged part. conditiccs of identical contrast 

in borl:b cases .. 

0. 1 UHJ , ______ :_~ 
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Fig. 10. Electron mic~o£rapts of mcdified strface zonas with 

enlargement cf 61~, 500 (tcforc teductiom)'..: a) 1est piece 11-I, test 

~itb d. P~ Girard, side 1. t) Test pi~ce 11-1, test with J. P. 

Girard,.. side 1 .. c) Test piece for shot-peening :dmulation .. d) Test 

' ' 

a) Eprori;•ette 11-I, essai 
. ' .... 

avec J.P. Girard, face 1. .r.c; .. 

c) Eprouvette de simulation par gr~nailiage. 
:. ...... / :i""~-:--.t I 

1)) Eprotll'f'11e 11-I, essai avec J.P. Girard, face 2. 
! 

d) Fproti\'Cfte de simlllatigl_l par compression a Ia 
pre sse. . : 1 •, ·• _.': . , · .• 

• , \ i 
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Poe test piece 11-I, ccroparative ccunting cf the rings visible 

.in the section {11 0) was realized a: g ,:; e 111 ]s > 0. Aftor measuring 

tbe respective thicknesses cf the different platesc the results given 

in Tatle IV were found {mEan foe fjve fieldE). 

'lable IV. KEY: .(1) san:pling .. (2) r::ensity cf visible r.ings. (3) 

£elatj,ve density ccmpar<:d tc ccntrcl .. (4) Ccutx:cl .. (5} !1odified zone .. 

(6) Nid-th ickness.. (7) siae .. 

Pr61C:vement 
Dcnsitc de boucles ( 3.l D .

1
• 1 1

. . . . .
01 

cnst e re a tve p2~ 

(M v
1
tst · 

3
°)s rapport au tcrnoin 

ern· 
-------~t;;~~z~;~::-----·------------------·-·--_----------~--~---------- ------:.--------~-----------

11-l (ten1oin) HV = 1240 7,4 .1on 1 
(t.Jo) (:1) 

11-1 face 1 
zone modifice HV = 1340 

(5J 
11-f 1 c ~r~~ ~~-. 
zone modificels") \ I-IV =-= 1290 

I(,' . 
11·1 rni-eppisseur 

I • ~ ' ' ' 

' ..... l 

130 . 1 Q13 18 

84 .1013 11 

61 . 1013 B 

. ----~~- ·····- --.-------~------·------------· ···-·--·------~------------------------------~----~ ·------ ---------------- ________________ .:.._·~---=-=::.:::.:::::::-~~=::=.-=--==--==-~-=::-=:-_:::::-.= 

.- ' 
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Summing upu we vill note that the chanses J. P. Girard produced 

in th~ duraluninum Flates ~lich weLe given tc bim reveal¥ 

s;irrultaneously: 

- surface hardening on the order cf ac; 0 lccated on the two 

sides cf the plates over a length wbict can reach ~0 mm and a width 

0 f 1 o-~ 15 m m; 

- the modification of the residual surfacE strains in the 

!Icdified zcne; 

4 the creatiqn of a farticulat microstiucture in this zone with 

a very high density of ::::mall dislocation rix1gs (q;200 angstroms); 

- the absence of macroscopic tending strain (except for test 1 -

::=ee abcve) .. 

r 

Simulation Tests 

Is in the case of stainless st£el, we fought double confirmation 

ty txying to figure out a simple means cf dcforuation by which the 

Approved For Release 2000/08/10 : CIA-RDP96-00787R00020001 0003-8 



Approved For Rele.&Je 2000/08/10 : CIA-RDP96-007~00020001 0003-8 

DOC ~ 1314 PAGE LiS 

fEEceding states could te simulated. 

First, ve will point out that the electron micrographs indicate 

that ~be Guinier-Prestcr zcres are net dissclvEd and aro the same at 

the end of the test as in tte original statE~ ~tis eliminates any 

simulatiaq by heat treatwent: in particular 6 kJ surface heating 

(igductian or optical radiation). Thusv we bad to develop mechanical 

sisulaticq tests. 

lllternati'l)g Eendin g 

Since hand contact was fermitteJ during the first phase of the 

EXferiment, ~e might wcnde~ if a surreFtiticus alternating bending 

operation in the plastic rarge waul~ be enctgh to cause the changes 

Alternating bending te~ts mad,e .crt rco,nfrols permitted us to S4c~€ 

that it was necessary tc introduce tctal plastic flow of at least 5% 

by alternating bending in order to ottaiq hardening on the order of 

that which vlas obse:t~vea prEviously {""80/0 ) ... '!hiE requires: heudinCJ the 

test Eiecc very intensively until a radius cf curvature of 50 mru is 

reach~d ('"hich cor:respo11ds to a bend OJ} the c:r der of JO" which is 
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inccmpatible with the otservations made), then straightening it by 

bending it in the opposite directicn. 

Mcwever, this simulaticn does not rermit us to duplicate tha 

structural state observed cr the test fieces rrcditied by J. P. 

Gixard. In fact. by electron microscop? we tben observe mazes of 

dislocations in t4e hardened zones~ tut not the significant increase 

in the number of dislocaticr rings. 

CCUfr6ssion Test on a Pxess 

1\ loca.l cornpressio11 test of ccntrcl ];late 11-U conducted on a 

fleEs at 300 MPa (de~ ~20 !fa) made it possitlE to obtain hardening 

en the surfaces coming in cc~tact ~itb t~e Eta~r and the tableq 

t:e:q:ective1y, close to .that uhich was sought ~l.IEV = 140 ~lPa) .,..,ith 
~ 

wicr.c£tr.ucture similar to .tl:e microstcuctur:€ cl::.served on the 1no<1ified 

test ph!cos {Pig .. 10d), but with a lc~e~ r.:ir:g density .. Howev~'I:lf vle 

ctserve a 13~ decrease in thickness ana a u~ifcrm change in the cross 

socticn of the structure ana in baLdness, which is not true of the 

test pieces "hardened" ty J. P. Girard. Furthermore. measurements of 

the thickness of the plate r.evealea a rEduction in thickness on the 

ctder of 2% ~traight abcve the modified zc,e. 
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~~ct-Eeening Test 

ft surface shot-peening test of the tMc OffCSing sides of the 

central (11-M} t made it fOS~ible to simulate the essential rarts of 

the pfints which we were trying to reproduce: surface hardening AHV 

cf 70 MPau the absence cf permanent tending~ ana analogous 

microstructure (heterogEneots in thickness •ith a maximum dislocation 

riqg density in the vicinit] of the surfaces). 

Footnpte: 1Working conditicrs: Matra:::ur roacbil'!le., air pressure - 7 

bars~ flow; rat(~- 0 .. 85 m::~;mw 6 glass l:alls (¢- 15-110 plu)p dur:ation ·-

1 ~in~ End footnote 

~eanwhile., in this mannG.r To~e ol:tain ~ d,epolislHEil surface \1 hich locks 

very ·different from that of the test pieces mo~ified by J. P. Girard, 

ana additional polishins is necessary in crde~ to restore a 

ccrnraxable surface state. 

.. 

Approved For Release 2000/08/10 : CIA-RDP96-00787R00020001 0003-8 



Approved For Relea&e 2000/08/10 : CIA-RDP96-0078Ut00020001 0003-8 

tee =:= 1314 PllGE 48 

lhe set of observations and simulations ~hew that it would be 

necessary to apply compressive force perpe~ticular to the surface of 

the plates, t~us crEating bEterogenecu! plastic flo~ in tbe cross 

secticn, in order to duflicate the essential asFects of the physical 

properties otserved on the netal flates locallJ and superficially 

~araened b] J. P. Girard. Tle mechanical energy required for 

simulating such a modification can be e~tinated according to the 

ccrnrression simulation test: we find 1.6 ~-

ae can also produce rings of this typE ty neutron irraaiation. 

Conclusion 

The group of otservaticns made en tbe duraluminum plates given 

to J. r. Girard makes it fcssible to state: 

that tl~e requir:ee hardening >1as dafiiJit.ely realized four times 
~ ,f~ ~ 

during the test: 

- that no simple metallurgical cpexati<n .known to the authors 

rrakes it pcssible exactly duplicate the different physical 

pecul~arities observed in tte lccallJ ~ardeted Ionas. 

Approved For Release 2000/08/10 : CIA-RDP96-00787R00020001 0003-8 



Approved For Releaa.e 2000/08/10 : CIA-RDP96-0078iit00020001 0003-8 

DOC 1311~ FAGE 49 

Discussioq and Co~clusicn 

ln this report, we described some deformations and 

transforma,tioi}s of metals attained ut1der s~"cific conditions. The 

places in uhich t~ese tests were madE and tte individuals who 

observed them were variEd; the only COl)Stant r::resenc(~, common to all 

cf the tests, ~as that cf. J. P~ Girard himself. 1bus, there was a 

co::rrelotio.n l:et ween his p:e sence and the ap rear cmce of t h~ particu 1ar 

effec~s observed. Therefor~# it apfears that ~e have the right to say 

t~at ~- P. Girard is paxt of the "cause~ of ttEse effects. But during 

th€se deformations or. transfor.:maticn:E, wq 11eitler: obsorved nor 

recorded any interventicn of muscular forces on physical effects on 

his part capable of causing tlem. 

Jt thus appears that we can ccncluda tte "abnor~al" nature of 

thc~e effects, especially if we cons±def t~E fcllowing observations: 

- for one of the deforreed test fi~ces (SEE "Session of 27 

Octcbex: 1916"}, the .uatl.Jr<~ cf the measures taken to mark t'he piece 

and the process of follcwing the deformatic~ by successively tracing 

.. 
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the profiles proves that no substituticn occurrEd; we feel that the 

vezy iigh strength of ttis test piece is e~cug~ to exclude all 

exrlamations by purely ruanual and muscular acticn; 

- for the other test piece de for mE d in the glass tube ("Session 

cf 31 March 1976"), the wcrking rrocEdure seewEd to establish that 

the deformation, althou~t slightv ~as sufficjently clear and was made 

while the test piece was in the tube; 

- for cases of local structural transfcrwation, by a martensitio 

t:cans1;.crmaticn {"Tests en Stainless stc12l in Clcsed Tnbes") or by t.J10 

c.r"2ation of many sr.jall 6isL:caticn rings ("local Hodifications ...... 

Zleta1Jic 11}, the precautions descrilH:d $hOl>J that no substitution 

cccurred. The generation of these effEcts in the tube or upon slight 

ccqtadt eliminates any "norrral" exfla~atipt. Even if substitution did 

cccur~ we must point that we found it imppssiblE to either reproduce 

all ot the physical peculiarities cf t~e test pieces transformed in 

this ~annerg or to imagine any simflc mGtallurgical qperation capRble 

cf doing it .. our. simulaticn tests essentiaLly ;FErmittod us to .. . 

dupli~ate the new structural elcwents geqerated during the tests made 

~itb ~. P. Girard. By ccmtining several of these actions in a complex 

manne~ (actions which uculd ctherwi~e have left traces on the 

SfECimen}w we might be able to simulate the lqcal texture and 

arrangement of these structcral clements, brt ~e would produce much 
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gceater changes in dimensicrs than these otservEd, which are very 

slight or nonexistent. lhe localized nature of these transformations 

is suq;risi11g ... 

These expe:cim~'"uts are rart of a gr:cup cf m~:ny rnor:e tests., which 

we screened and subjected tc an extensive critical study under the 

ccrditicns described in the introduction. ~tis ~roup of tests also 

contains those in which ncthing happened, and ethers in which we 

clearly observed muscular.: inr;:etus ccuflcd \<lith rositively 11 a.bnormal" 

Eff\:cbs .. 

Jl is a good idea to emphasize that the effects observed have a 

c~rtatn degree of reproaucitility: the bends i~ the bars were 

F.~'= c;d uc:e d re pea i:.edl y fl the local mar tepsi tic tran.sf:or mat ions ~~ t ~dee., 

and the local hardenings - four times. The last of these four tests* 

the test SfCDsored by Professor Hasted, is the oost significantc for 

it includr:~s the moa.sarerrent cf hardness bef<:re the tests in the zone 

i~ which hardening subseguently was reali~E6• ard bebause tbe 

inct·ease in hardness \fas vc:I:ified in"tw·c i-.r.def<ztJdent laboratories, 

tllus an Hnglish 1aboratc.ry llorking tll:lind,..•1 

J. P. Girard did net produce unknown structures in any of the 

tests . .t The structn ral mcdif kati<~n.s cb ser.v€ c ar:€ of the type produced 

ty certain types of defcrmations. ~heir distribution is normal for 
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the case of simple bending, but abocrmal fer transformations without 

deformation or with slight dcformaticn$ 

J..f the effects had beHn produced by ap[:lying forces, the ~Jork 

which it would have been necessary tc experd f~r the largest test 

Fiece would have reached arcund 12 J. 1he ccrresponding increase in 

enthalpy w auld be from 2-3 J. 

In this article, we have no intentian cf infusing ouc 

conclusions as complete scifnt.ific facts .. Eut we felt it our duty to 

cbjec~ively describe the conditions and tbe re~ults of these 

ex[Er~aentE. we found nc exrlanaticn fer thE efiects observed, 

neither in current· physicsu nor by rcssible trickerye but perhaps 

ct~ers Mill be able to find them. 

.. 
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CCNCEFNING THE ARTICLE EY CE. CRUSSARD AND J. ECUVAIST 

~he above article ~as •ritton fcllcwing eJreriments which 

demonstrated the abnormal behavior qf metals or alloys in the 

fEesence of J~ P. Girard. I can confirm that tt~se experiments were 

made with considerable sciertific st~ictneE£, in order to eliminate 

aQ! trickery as much as rossible. Jowever, Ecme of them were not 

convincing, for the possitility of trickexy is always present. 

Hany pheqomena are re~Ected by the ed~catEd world because they 

are considered to be ir~aticnal; but t~is is mere the a priori 

refusal to try to observe and central them for themselves, with 

corJce:rn for the truth, ratb;r than giving p:cof of scientific 

Several scientist~ d~d not hesitate t6 participate in the· 

Experiments cf J. P .. Girard, s.iffply in cedEr to "see"' them 

objectively. I myself had this opportunity·~nd 1 vas sometimes 

troubled by tl1ese experimentscr uhich,. as en£ of us pointed out, 

flaces us, the physicistsu in a very uncomfcrtatle position. 

out of all of these exreriments, most cf which were video 
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recorded with a conside~ablE abundance of ccntrcls, c. crussard and 

J~ Bouvaist used only those which arE the sutject of this articleu 

Until proven otherwise¥ it ~as not fCssible tc find a rational 

EXflauatior for the t~ansformations cbse~ved and described - which 

naturally does not mean that we will not find one l.ater. 

lhe authors of this article fcund ib interesti~g to publish 

their observations, kno~ing full w€11 tha~ the) would come up against 

tathe~ general scepticism - but one must only view their actions as 

the dssire to make known rhenoroena which arE otviously inexplicable 

in th~ current state of cue knc~le~s~. 

1 myself agreed to add these few liqes 6 having had occasion to 

fclloM these experiments rather clcsely, sinply in order to give my 

advice about the scientific strictness ~ith wbich they were conducted 

ty the authors. Too many factors are still undetermined to make it 

possible to give a valif interpretaticn. 

~..... ' 

J. J. Trillat 4 Member of the Academy cf SciencEs 

End- 1 J 11-i 
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