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REczm ADVANCES AND USES OI‘ HON- ~DDSTPUCTTVE T.E:STHIG
(mzmwom:e ADDRLSS)
By e

" S+ Romeseshan® .

INTRODUCTION -

, I am-indeed happy o give, 'bhls JGL;LK at ’bhls Seminar on

* i Fon-Destruc tive Testing (T‘.DT) orga.m.sed by The Central I.abormory .
of Hindustan Aeronautics Iimited. - I am "la,pplpr sti11 ‘bo nobe

: the large number o:E Sc:z.ethcs and-- Englneers from varloas pﬂrts
of . India belonmng to different OI‘g,&IllS&‘hlonss laboratories and
foebories taking par'b in this Semlnar.

i Many experts will be spedking at this-seminar on different
adpects.of NDI. It is.not my intenbion to.5btep on their toes
and fio eover the same ground. 'f:I’have, therefore, deoidda to’
entertain you by showing a fevv slides on some exciting applications
of WDT. T shall -"vt‘oue';hv*i-ipon o fow of the advances 'hha“b ‘Thave: taken
place’in the f:iéld. : Ineid entwlly we will seé that wery new Im
tee hique that hasg bu.n duvelop od is. based on atleadt one

imp ortwnt fvnd.amcn‘bﬂ dlsc ove,ry :m seisrca.

.. I hope 'tha’b this i:alk pr@vok.a_s__new 'bhlnlclng and. reseorch in
MDT... . T is also ny fond. desize. $hot a large indusbry 1ike HehiT.
will one doy not omy degign. pl anes: but. will olso stimulate

rogearch ll’l applied and pure SOZLGI:O e.

i

THE, PILEDONN VAN

A% the enc'l of: the mnutee,n’sh centu:cy, many arbefaet GSy .
Iimen skeletons (like that of the Heldelberg Man) and crm, ,
paintings (as in Toscaux and Altomira), of “uhe T’aleollthlc pericd
were disgc overed in Continental Burope. mhe mshropologlo&l
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establlshment in Greatb Brltaln WoS, tharefore, very despondent as
no such Findings were made there.  Ab last in 1912, in the downs
of Sussex, amongst the gravel, were found fauna, human artefacts,
s skull bone and & mandible»(jaW"bone) lying close to each.othef.
The skull and jaw bone were browned to the same extent - strongly.
suggesting that they belomged “to the same anlmal. A reconstruction
(Pige1) of a new ape like Yuman was mede. The discovery was
trivmphantly announced at the meeting of the GeologicaX Society
" of Grest Brltlan 1n.I@cember 1912 by Charles Dawgon the dlscowerer
and Smlth.Wboéward, the eminent anthropologlst. Ths disc overy
of Eonihrapus Dawsont. or’ the Plltdown.man as’ 1t Was called, Was
greeted - Wlﬁh.great entwu51gsm in Great Brlﬁaln.. It was thdught
that Darwin's famous mxss#ng link, the firet human was an
Bnglishman! Later ﬁlscovexles of tuman remains in Africa made
the position of the Piltdown Men rather enomslous. Four decades
later in 1953, Kenneth Oakley had the brllllant ides of ¢ anparing
the ”luarlne conbent of the sknll bone and the mﬂndlble - Wthh
should have been the~same 1f they belonged +o the saime age and
had’ remalned together in the same envlronment all these 1n$ervnn1ng
© yearse The fluorlne contents, were very dlfferent and proved

‘ beyond doubt that the tWQ bones dld not belong to the samc
individuale - X~ray fluoreseenoe analysvs also shoxed the
presence of potassium and chromlum on the surface9 saabllskung
that a hoax had been perpetrated.‘ The ‘ége‘ng"had obviously
been acblevd& by dipping the specii.ems into potassium dlchromate
sclutlsns, The mamnalian feuna. had also been planted in the
sravel and the artefacts manufaotured. The identifieation of the
culprits presented many problans. The‘name of the I%xmwnﬁi
philosopher and anthropologist-Tailard de Cbardiﬁ wag for
sometime associated with the fraud. But it is now fairly
certain that the hoax was due to the xford antlhropologist
Professor William Sollas and was done %o belittle (Sir Arthur)
Smith Woodward, the keeper of the British Museum, for whom
the former had, 'little liking'! '

Wiet is this X~ray Fluorescence analysis? Moseley, the
outstending student of Lord Butherford (who died in Gallipoli
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in the First World Var ) neinly contrituted to $he ‘development
of this teelniques Jhen mater:.als are bombarded by elec'brons
(or ha:cd x-rays) the electrons in th.e mner shells of; the-
atoms  are ejected. The subsequent fllllng up. of “the inner
shells by electrons from-the ocuter sl.ells cavsed. x-rays i;o be

SR

um%‘sed. These are cha:c‘ac’cerls‘izlc of the elemen’bs con‘ba:.ned 3.n
the 'ba:cge'i; (hg.2)

The x~ray lines ave mueh Tewer. than the etomic lires of
optiéa}. spectroscopy where the electrons in the outer: shells ape’’
involved. X-ray excitajion is/non~destructive, @ thet this: ',_{also
method proves extrcmely convond.ent'. for elemental analysise .. The .
weve 1ength (of the emitted’ X—-rays can be debermined by diffraction
from a erystal (oalled an x-ray spectrometer or spectrogreph). |
The wavelength can saiso be determined by measuring the energies
of the emitbed x<rays u'si:agtai.li'thiﬁm driflsd silic o crystel
and a’ m&tm&al el annlysers .. The wave lengths identify the
element hile the imberisi sy (determinerd with respeet o an -
internal standerd) gives the quantity of ihe. element prosent.
These picneéring e;gzerlmen*ts 1ed.Moseley to the.concepd ofiie - -
atoic wumber ¢f elements which- revolutioniged chemlstry and
chemirzal phys:_cs. o ' ‘

- Meny :merovemen‘cs have been made in the X-ray spectrometer
- since I oseley's t:a.me. The X-ray: ml oroprobe analyser and the
eleckron probe analy@erin the scamning ¢lectron miercscope are
mod-erh versions Wh‘er‘ei‘n' a complete qualitative and quantitative..
elemental analysis over a'micré—regio?i can be carried out within

a Tew minutes.

LIQUID AND GAS INCLUSION IN MINERATS

, I\mch valua,ble 1nformaﬁlon can be ob’sa:.nea on the geotnermal
hlsﬁory of the earth and the genesis. of mlnerals by anaﬂ ys:mg ‘hhe
tiny bubble; of llqulds or gases entrapped ina mlneral Spec men.
How does one do 1t 1thou1; 1et’blng ouﬁ: Jshﬂ 11(1111& czc gas‘? Dhese
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bubbles are usually only a few m:.crons in diameter and "bhe mass
of 'the matc.r:s.al To be analysed 13 1ess ’shan 10 9 or 'IO gm. ‘
S:Lme these oonta:.n molecules, s:unple elemental analys1s is ne‘h

'enough. N All molecules v:.b:ca%:e and ’she::.r nbratlxnal frequ.enc ies

3 L) Cazz be used ’co 1den‘s1fy ’chem. ' However,

P ¢ ]
thsse 'S.':.o;-a'tlénal fz-equemles appear in the far 1nfrar od reglm.“
In 1928 Bama,n dlSC overed thst 'bhe en'tlre 3.nfrwed spec‘t:cv,m can be
srifted oter to tie ns;v.ble reglon., It 'bhn molcc J.'Les are
_:Lllumma%ﬁd by a monoc bromat ¢ radiation the :wcldent phﬂ‘ﬁon of
_ frequency » ﬁx excltes 'the v:Lbra“hz_onal frequemles and in ’ch;Ls
process lovses energy, so that ’she sca‘btered light has
9»};{, e 5 \.;/;O :‘3}
(E:.g.’j’) These spectral lines- (lmam as the Raman llnes) cen e
detected. and recorded in & s*w‘trograph. I the moleoules.arc
in the excited state and are nbratlng, then thé"m‘blecyié can '
impart energy to the ircident photon (7 ) g) £o that energy of
the scabttered phc‘son is 1ncreased ‘and the frf“quencles ‘
corresponding to {7, ;}ﬁ Iy '3*" j‘ “and { ‘;} .g{igf' |
appeax’ on the more ene:cge‘c:x.o ‘side or tie 'blue s:Lde‘ of fthe
ineident radiation. These are the anﬁlstokes Reman 1:mes. The '
Reman Spectrum is a thumb print -of any molecule.. Figed 'Sh@i‘s
the gas/liguid inelusion and their Raman spectra obtained by
using laser Ramen SpectroScopy. In one case 4( a3 the mn.x‘sure
consists of Methane and Corbon-dicxide (CH + 00, + H 28
the proportion 66% 33% a.nd 1%vile in the second (4b) the bubble
is pure liquid COpe The pressure inside the bubble is at least

3% afmospheres to llqulfv Co, ‘at room “bemp eratu:c o

THE TURIN SERCUD

An objecs which is ¢ cusiciered_. to be one of A’ch'e mosy
‘secred relics in christendom and which is being a;amine-;z by
NDT specialists from all over the world is the Turin Shroud.
This is a piece of linen(14 £ % ircYes.x 3 2% 7 inches) on
which the striking 'negabive! image of a figure regembling
that of Clwist is imprinted (Fig.5).

It ig not the effeminate figsure of Christ of the



renaissante painters »bu-% a‘n_iére‘ pfimitive vigorous one of Fhe'
earlier p‘ain‘bérs“of n&h‘e‘ 4R, anﬂ.,:.Bth certuries. This cloth 13
reputed to be.the sh'ﬁ*qud that woapped the bod'y of -Jesus Ch:risf
after hls cr‘ucifi:ee.:‘Lcm'i Th;me are marks-.on 'the bcﬂk (scourge
marks ), stains nenr ‘the far chead (“chs crown of ’shorns) and -
dls*'lnct black marks near tbe na,:.,led wrist. How d:Ld 'the :E'J,gu:ce
get mprlnted‘\’ W as 1‘: ualr’ced or d:s.d it ha,ve some . o‘bher or:.gln‘?
&storlnally “bhe sb:coud hag bee‘n ‘Grc,ced to Odessa in 'hhe
6th cen#uryg E‘rance :m_ the 13th - 141:» cen’i:ury and is now a..n o
'I’nal:y', ‘Fine pcll@n gralns have been collected from. the shroud
and analysed., There are pollens of 48 plants. ‘16 from plan’cs in
Frarce gnd Italy, 9 from thos'e near the Caspien sea (Odessa‘?’) and
21 fromsaline desert planbs (Israel Jerusalem?) Careful non-
: destruc‘c:we analysm indicates that the 50 called b,'l.ood staa.ns _
do not have even traces of hammoglobln. Sc:Lont:Lsts are no‘b
Cer'taln whe'bher traces of Dblood oan be i entlf:_ed after 2000 yea:rso .

The shr-nud hag 'tlSo bcen thvough tvvo dlsastrouo Ilres.

One thecry is that:the aloes and myrrh pu% along with.a .,
dead body may kave chemically attacked the, Iinen, ‘bo produce '
the :Lmage. JEr £ su:cfaoe :of wthe. fibres appear. o be. sc arched
(camsed vy the heat ‘of resurrection say the belleversi), ‘the
darkenlng dz_ffevﬁlng from: po:Lnt to polnt producing uhe Spectasvla:c
:Lmage. By mlcrodens:.tsme"berlng ’che photog:r'wph and assw";mg the ;
1ntens1ty to. be dlrectly nropdrt:.onal to the dlstanee of -the..
cloth from varicus perts of the body- (Fig 6) a strlk:mg three
dimensional :Lmage has been rec onstrieted (Fige7)e r"he
aut: xorl“bz.es in ohargﬂ of- bize shroud are perml’ctlng NDE SOleIlblS'LS
To e‘”amlne and s“tudy the sh:t'oud prov:.ded eare is taken to see that
no. damage is dmne. ‘They Ldave even given one long: f:Lbre from- ‘the
shroud o be used :Eor(destructlve)cqrbon_.dating. A team of

30 NDT experus arc now working on the sh:coud us:.rh avery .
conceivable tec hmque - x.-:c-ay fluorescence analys:Ls, tb eruogr'aphy,
‘optloal Tluorescence, infrared and ultra nolet tec lmlques,
radiography etc to solve ’che nature of tids mvsterlous :Lnnge 'md

its origine
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SEARCH F(R_HIDDEN CFAMBERS IN THE PYRAMIDS.

‘Do the yrem:u.ds .of Egyp’s Jhave seere'b chambera 1ns:Lde

them? How coulﬁ ‘one X—-:t-ay 'these g:x_a:frl: momlmen“bs hgv:.ng o
volwne abou’c 2 5 x- 105 m‘9 and mass BoK “{O kg a.nd' f:.nd ou't: '

4 hether‘ some pI‘lCe__SQS 3ewe1s and a:c-Chaeologlc ally ;meortan't
m'xuerlals are notb 11; dden in them?. ‘This was the, qur-st*x_ﬁq ‘tha:b
"."Lu:x_s Alszarea the Imclegr phySlClS't asked h:mself a. few years agoe
There are some ~easons to suspec-b Jche ux:Ls‘bence of secre"
chambers m ’chese p:yramlds. ~The three great pyramlds of C:Lzeh
are s:.tuate& & Tew mlles soutlrmes’s of. Ga:u-o, fthe two 1axges"b of

‘those ee:ng Gheops (Base 230 mx 250 m and helghﬁ 145 m) a,nd

i chefmacen(base 21545 m'x 215 5 m and height. 145 ). Thi_s_,

Ky o;molemty of the m’bernal arch::bec*bure of py:t'aralds 1ncreased
durlng the E‘our"l:h .'Dynasty untll the 't:.me of f‘heops and gl 1en- it
‘gave way-.to qulte sirple des1gns. The sz.tupllc:.‘cy of C‘haphcrens
pyramid compazred 0. the elaborate struc’su:fe of his father s
great pyramd is exp,.alned by archeologlsts in, ‘term& of a '

Uperiod of experiment ffs:. on.

An al‘cernah_ve expl mta.on fczc' the sudaen decrease 1n
iriter ﬂal complexrl:y could be" (achrgJ.ng to A'Lv'wrez) that L
@i’fi—?,ph;,:fetﬂ arehltect.a had been. morf’ suce essftu in hld:mg the:x.r
upper chamber —bhu,l'l Were Cheops s. He,evolved a teehmque of
" | 1c@1ang :ms:de the. pyram:x.ds us:mg Lle penet:catlng "‘DSDI:LO rzg

’:"'muons Wi :Lch are con‘tlnually bomba:ndlng us :t‘romou‘bmde. . Alvarez u sed

spark ¢ hamber dmtec’cors.  The : story of. thesr.; measurements rea.ds
‘like a _La,lry Jsale‘ 501ent1f3.c ca-—operffclon bea Teen USA aﬁd |
» Eg;yp'b Wen'l: on *although there Was eomple ue break in the N
'&1plgmai10 :c'elau on bet"een tbe two countrezes. ) Cosm:nc ray -.:
detec‘hors with setive areas of 4 m and blgh angalar “ﬁsolu"t,,f:}n .

" wererinstalled in’the charber Jusu L.elOV\T the brse’ OI the pyramld.

The cosmz.c ray ‘measurements L.ﬂd uhe subsequen‘h computer )

"calcula'blons clearly shoved the: 4 ola onal rlages of the pyrmd ,

".“er W:L‘bh .
volumes Slmlla:(? %o the 4 chambe:-w 1n ‘she nyrcm.,.c’i Cheops and
that of his grand father Sneferus e,c.st in the mass of
Mes“tone. This is perhaps Jche largest object ‘sha’c has been
exampined by NDT'

tut the: lntens;ty def:_mtely sugp"ested tnat no. c £
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X-RADTOGRAPHY AWD X-RAY TOMOGRAPHY

The primciple used by Iuis Alverez far shadowing the
nmassive pﬁamid_s empibyir;g ‘the penetrating cosmic ray muons

is ‘the same as that of ‘X-ré.,diography. . The disé_overy of X-rays
by Wilhelm Rontgen in 1895 started the revolution in pll}fsics.',..'
What g gi-eat 'mi‘nd can do 'Wi"l:h' };1 'c:hanee’ discovery can be ‘seen
by x-ead:.ng Rontgens first paper which is remarkable in many
respects. A;Ll of us tave seen “she famous rqolograph taken by
him of a left hand with & ring on its third f:mger ﬁF:Lg‘8).

But we also know that in an X-radigreph ‘the . mternul st:mctures
superpose ) tha*t bones wa.ll obscure the underlylng strLchure.‘ :
T4 has recently been posszb;Le %o overcome. Thois by w tée kmquv
-ealled ’che compu’cer Tomogrﬂphlc X—ray scannings - In this® the
‘X-I'ay source ancl the de*“c‘uors sysHem move . glmultarxewsly a:cound
the

AS many as a ml.Lllon interisity measiremonts are taken and - .

gect meam the tronsmittdd . intensity (Fig.9}.

recorded on 'tape a’.nd a compuber processes the data 'anc:; pI‘o’ducéA”s’
a picture (Fi’ng). - The basic prirciple of v,‘chis method ‘can be
crudely understood in the following manner. If {:hé db%eét
rotates about a Dartlcu:l.ar sxis all details except of ’Ghose which
lie exactly on 'bhe a:x:Ls o:t‘ I‘""ta.‘tl-”‘l’l get smeared out. The compuber
actually reconstructs this eliminating_the smeared datas 'The‘
solution to this problem of C_@?:cse‘: is very complex requiring -
mathematical and computatioral iﬁgénﬁi’cy; This remarkable -
instrunent is now %o be found in many hosp iﬁb;ls and diagnostic -
centres. Ifs resolution is 8o good that it can ac'bually
distinguish between % health;y tie sue and diseaged soft ’c:r_ssue. .

NEUTRON RADIOGRAPHY

With the advent of melear reactors (and pariicle
accelerctors ), Radiography uéing newtrors hes become practical.
To be most useful in radiography, neutrons must be slowed down -
and these ™ thermal neutrrns“ c'an‘ be obtained directly. from nuclear
reactors., For the- a:uferen‘s elements of the pemod:_c ‘Gable the '

absorption characteristics of thermal neutrons and x-r ays are
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essentially reversed., Heavy elements like lea'd; bismith and
urarium which strongly absorb x-rays are practically transparent
to thermal neutrons. . Conversely,hydrogen, 1ithium, boron end
otler .s_lgu.'t elemen‘ts é"hrongly absorb thermal neutron while.. W'Jhey
allow x-ray o pass through themfreely. . ’T‘he:r:e are however o
some hegvier elenents like cadmium,gadolinum,.. samerivm and
eurcpivm which absarb thermsl newtrons rather stronglye ’

The Ocmplemen‘sary naturé. of x-rays and neutrons is.
illus’crated by the ’*adlography of  an e:@los:we pellet (E‘lg.M)
The: neu‘bron rad:.ograph shows shadows of - the organic. materials,

the plas‘lna cap and coabing on tie aluma.mum*cap ebe vihdle
the x~radiqraph ‘skows shadows of the metallic components, and
the lead based Mmmed exploe ives. Neutron x‘adiography helps. -
in the inspection of ebjects with paberials combaining hydrogen,
like pla;»:xties,v organic méten;ialse‘bc. E_‘:‘Lg. 12 illﬁs%ra‘f_é;ss .

how the efficierey of epoxy poltting of electronic filters can be

deteeted :by neutron radiography. . The testing of~.anfepoxy bonded

helicopter bladem is illustrated in Pig,13« . Iurbine blades .
‘with cooling passages 'é.;fe' cagt. After casting,: the ceramlc ¢ ares
have to be removed completely by leaching. A small regidue of -
coré can cause a hot spot and cause a "burn ‘hh:cough" To de*cvéctl
thig some Gd 03(

forming . uhe Cfxre. Flg.M 111usﬁrates the inspection of these ..

vhich absorbs neu‘srons)ls added-to the cersmic

by neutrons.

Flg-‘%B hoWs how epoxy bonded alumuzlwﬂ honey ocmbs can se

tested fcr :Eaul’ss.

Flg.16 skows an 8th cen’cury Budd ha si:c:cue of the Gupta
p od, neutron radl@aphed to de’sermlne how the sta’cue WaS made,

IASER INDUCED SHOCK WAVES AND X-RAYS

The use of ultrasomcs Por flaw de"bectlon is Well—-lmovm
and th:r.s will be ﬁhe subject of a few talks in this seminar.
Tt is interesting that J.C. Bose ope of lzﬁdq.a‘s outstanding
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experimenters - renownod’ for his WOrk on m:_crowaves - studled
the 'ery of me*sals in the firet decade of this oen’curm I‘.D_S
work is, in 2 sense, related to the modern acoustic emission
which seems a promising method of monitoring i‘atlgae. A high
-frequency ullrasound .is emitted every time a micro crack forms
in g neteles v e | |

Much‘ progreﬁs has also been made in ultrasomic imaging,
par‘sicularly in the figld of medieal technology{ I shall always
renember the relief on the face of my friend in Holland when
ultrasonic imaging revealed that his wife was not going to have
- bwins! ' SR '

The discovery of the ldser has been.a boon to ¥DT. I am

sure all of you noted that the Reman spectrumct’ 10710 gu of gas
in 2 minersl could be recorded in a fe seconds only because of -
lasers. Ramen in his .original rocsearches fodk a few days to record
vfhe Raman spectrum of gas‘. | ‘

~ There are many hmtqtlons to the conventimal ltrasonic
.’t‘laW detection tuchniques For e::ample, it would be -difficult
-‘bo use it in the non-destructive testing of microwelds. In .
¢ onventional technlques the pulse duration is 100 to 200 nemo
sec onds (ns) which is nmuch higher thon that fequired o test thin
sheets which requires 10 to 40 ns pulses. Pulses indwe ed by..
lasers have tiese short durations. ,ihe absoi*pticn_ of ilaser
radiation at The surfaeeof a sokid c%,uqes rapid heating. :If ﬁhe
intensity is kept low enough not %o melt the.solid the heat
absorbed by the tdn layer 1nc'xases its thermal energy. If the
heatlng of‘ she layer is faster 'bhan that conducted away into bthe
bu,.k:ma“serlal. the heated layer exgmnds and exerts a Vstress pulse' on
" the ma'berlal, ise, an ultrasound shock wave of very high
. frequency is gezierated. 'Laseﬂﬂ's ugiry 'Y:r.wnwWAlmum“C derriel {YAG)
(1.06 [1 wavelength with a pulse time of 15 to 17 ns and intensity
40 mg) are ideal for such experiments. Microprobes have bsen
de\reloped specifically to detect these pulses so That mlcrowelds
can be tested using this 'bechmque
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Tasers can be sed to prxmduce ul‘sras»ound of frequency '%O %o
mw ertz. Sirce the WEve length is omy few microns , extrenely
fine ‘defects can be de tecbed. ‘ ’ ’

To me as an x-ray crystallog;capher one of The most excifing

things that.has happened (as a direct result of fusion research)

is the generation of x-rays using lasers. ‘Nérmally X ays" are .
generated by bombarding a terget by fast electrons. The efficiency
of x-ray woductiom is less tlﬁanj% i.e. more than 99% of the energy
gets converted ‘I:o‘ héa'“b,  Vhen x-rays are generated by laser heating
the conversion efficien_oy is as high as 25% L 40% = PBurther the
pulses are so 'shofc (‘}Ons) that these xamys can actually 'arrest!

& Y a bumble bee in flight. The physics of this Bigh efficiency
can be understood in the following manner. = The coherent laser
radlatlon can be focussed to avery small area “to make the ehergy
density very high. The pulsing is such thet the metal evaparates
and i‘orms a plasma. . The eleoﬂrons of the plasma are accelerated
by the intense electric field to emit x-rays by the 'Brehmstrahlung'
process* The el_ectrons also collide with the atoms and ions of the
metal in “the plasma £5 emit x-ray. The metal solidifics as Ssoon

as the laser pulse stops.

Insers can also be used Ho produce neutrons. But the
1ntens:_i:y of the.neutrons so produced is still low. ; But a

: cons:.derqble mmrovemen't is expected.in ’che next five years.

HOLOGRAPHY

Holography is o j)hotoar-z-«uhic :proczess which allows a thréc
'dlmensz.onal record to be made v-:i‘vén' o.bjec*‘: or o scene. Fig.17(a)
illus trates the Op‘tlcal arﬂ“ang.,m\ & used :Ln taking an ordlna:r'y
..photograph. A white gght source illuminabes an object. 4 lens
collects the reflected light and produces an anplitude (or
intensity) reoord of the light distribution on the phobograpkhic
material giving the usual two dimensional phobosx aph. In -
holog:t"mphy E‘lg.i’fb._3 the object is 111ur_1natva by coherent laser
light.
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The photographic plate receives light simultenecusly 'fr_cm‘ (a) the
cb.géct and (b) the spurce laser. (the létter by reflection frdm' a
mirror ). The. two wave Tronts interfere and the. 1mterference '
p’at’sern,ls ree ord»ed..... Th:_s plate containg :Lmormafﬁmn not only
about the- Light disisrlbu‘blon reflected by the object bub also the
phase Informetion from which the shape and the pos:dmon of the
ob;;ect can be reconstructed. This is done by viewing the -
hologren ..zain by laser light Figii17c. A virtusl three ,
dimensional ima,ge ‘vvz“sj_ch is :"Ld'en“bical‘ in all respects to the

original objec't can be ,-se,en.

If a;E‘ter proc essn.ng, the hologram is reylaced in :L’sc 1mfh1al '
position and “"he obaec’c :Ls deformed dn somﬂ Way to a_.‘ber :ch
shape, the two 1mages Will no longer co;nclde. This lack of
cwnoz.der\oe resul’cs 1n the obaect appearing to have a f-r:mge
pattern cover:.ng it; and each fringe conbour is basms_ly equal
‘to a change in shape of the.original ob;)ec'b by half. a wave lergth
(F:x.g. 188) Hence, an sccurate mapplng of “the deforma‘blon is; - -
poss:.ble. I‘:Lg.18b showg the use of holog:raphy in examlmng orack
propugatlon while Flg.‘!8czshows how L-z\lography can be used to
detect subsurface faults. The strength o.n honeycorab is |
dependen‘b in ‘che bondlng of the olter slm.n to ’che 1nner supporting |
gride  If th e honeycomb 1s made to v:Lbrate in a resonant mode and
a ’tlme-a,veraged' hglography taken, ‘che dise on“clnu:LJc:L.s :m The.
overall resonan”s frlnge pattern dlrectly g:wes Jche 1oca’clon of the
subsurche faults. )

| USE OF TASER SPECKTES TO MEASURE DISTORTIONS
Anot{hezn- p;hériomenén' Whiéh “3 proving -quite ijromising for .N'DT
is that of 1asef;speék1és£ - Vhen a surface of an object.is
1llumnated by a laser one sees phan‘bom bright Sp ots wh:x_ch dance
and gump as Jahe eye of ‘she observer moves. In the early days -
these dam:f.ng speckles were co:ns:Ldered a nulsance and.. 'bechmques
wWore eVOlved for geifclng I‘ld o:E 1:h . Now they are ,provq.pg
aluable'for_resea:rc_h. o o
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Strangelj enough,y 'these speck:lcs were_ aci:ually obser‘ved

by Reman in Indj.a as early as. 19?9, zmlcn before lasers Were o
1nvented. He was 1ntex-ested in haloes ’chat surround “the sun and_'
the moon When a.thin cloud Tloats by (Flg.w)  Dhese. haloes
can k also be produced by hanng (Lycopodium) dust pqrt:.cles
spread 'thlnly on & glass plate and viewing o distant pomt

source (F:Lg. 20)4 ~ Vhen these haloes are carefully cbserved they
show a dotted ar- Speckled appesrarce. A single sphsrlcal (say)
par”s:s.cle produces a diffraction pattern of circular ::-:Lngs
’..(F:Lg.21 The size of the parficle defines the. size of the .
rlngs. These rlngs can. tb_wrefore be used.. ‘co MEBSUTe- the sizes
of extremely small parfticles. If there a:fe w 1de_:tlea1 _
partlcles}, the pattern renains the same, only the 1ntens:.ty _

bec omes n-times. Teb’ us__ consider the intensity at any point on
the screen where a ‘dif'fraction maximpum occur. Eech prbicle
soat’sersllgh‘c and these l:.ght waves reach this po:Lnt. . T_‘.,zese
weves will haye “t;he same ampl:.tude A(:Lf TLhe pea:' ticles are of the
same s:_ze) uh :hhe phases. would be different as “che waves have
travelled different distarces (ompatlic)s The resul tant ampll’cude

and-phase of the light w*ve at. zmy point. of the screen will be
given. by the vectorial addition of all the 11.gh't Waves from o
various particles. Thérefore the ro esulbant. ampiitude can vary .
from O fo nd, ' The 'speckles! or brigit spots appear where..

the interferences is constructive and there is no light where the
m’cezferencn is destructlve., Reaman First used tnese sneckles $o -
demonstrate Brownian motion ~ the phenomena in Wblch emall miero-
scopic partlcles sugpended in a hquld move erra”b:z.c ally due’¥o
irregular molecular bombardmen’c. .When tre h:zloes arro observed
tl’:*ough a drop of d:x.luue milk (whleh contains mlcrﬁscoplc
colloldal par‘clcles) the speckles Jump about. erratlcally d:r.splaylng
the B:eowm.an motion of the dif recting par'blcles. '

v This.eiperméﬂt’ “demons'&ra‘tes that by ovhser’ving the speckles;’,
inf arration can be obta:s.ned qbou"t 'the d:.spos:rbz.on or distribution
of the par‘clcles‘ e surface is 111ummaSed by a--laser beam,
the scattered beamfor ti*e different poa.nts on, 'bhe surface fem

$he 'speckles'. If we had tho intensity and pha,ses of esch
speckle the exact disposition of the surface é‘anbe calculated
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by & straight forward Fourier Tro.nsf arnation. Unfor'bund:ely, when
the speckles sre pho’hogfc"iphed the phc,se wformqtlon is lost and so
" the reconstruction presents many problems. But These é,re
idembicel %6 those comnictod with the pha.se.proolem in x~-ray
crys’kallo@apby. We' shall not dlSC'U.SS these todaye. :Lg. 22

© - ghowse how spwrlr sPeckle bho%ogrﬁphy can. be used to st dy the

- d:.s‘bortlon of a honeycomb panel, the structural 1n‘ce°*r1‘cy of an
“aireralt w:mg or the dlstortlon nmunl a similated crack in o

large pressure vessel.

.- When o mebol is heated, it emits electrons.  This -

effecsd Was f'irs‘t disc overed by Edison. ?fhen the thermal snergy
supplied is greater than the wark function= the energy. Nec essary
to extroet the clertrons from the surfoce - thernal.- olec trons
are emitted. IL light folls on a mebal and the energy of the
photon is greater fhan e work. fumtlon ‘13’10*55{.160’0&:*011'3’ are
e’mii‘ted;"‘ If a very s‘bﬂﬂono Llect:c-:u’ £ie1d is appl:.ed ’bhe o
eleotrons inside a nmotal c*m “Pbe ex“‘reoted. Iﬂrfmurs in “she

early 1940's while :Ln\restlrata_nv vrby "elger COUIIQ&,TS benzWed
* erractic o1ly far sometlu aftor f"\bI’lC'L'bldl 1 d:.scovefﬁd that.
froshly .prepared or mch:med me‘bo.l emrb ule,c‘w‘:rons (exo vlec'brons)
The' exaet physieal reagon Lor 'bh:f.s elm tron cmission is not yeb
completely umderstooa. Flb, 23u s’a:ws th~ exo electrsn eniseion
for 4 crumplﬂcl Almzlmum fozl which ha.s bee’n lq't:e:c- stralbhtened.
A phiotosraphic pl*x‘be placed on i:he LOll f or one hou.:e proé:uc es
this inage show:mo “the elec’c:con e».:.ss:Lon fron “s.*e clmples ‘and cracks.
The oxo electron emission lasbe for o fow weeks, belng mi:ense in
the begin:ning and dying.off slowly. . Ihis is well 111ustrﬂ‘bnd

in Bib., 23b where numbers have bsen seribed on different days
- (nonth/day)} using o mechamical vibratcr on an.aluminiun foil. -
The picture.shows the photographic pln'te ﬁf’wr one hour exposure.
The later ertlnos are nore intense thon tiie earlicr ones. Fige.24
showg how the exo electron image can be inbensified, A simple
olectrostatic lens focusses the oxo eleétrons on to a mulbichannel
electron multiplier plate with o gain of 107. Individual electrons
are converted %o bright light spots of about 200 A m dioncter: a
Bignification of 100 hag so far been.achieved. Melting, crystal
tronsfornations, plaskic . deformation, oracks. and cven dincipient

erocks emit cxm electrons.
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| Ebcselec’crons a:ce emltted spontaneously but they can be
stinulated Jcbermally or optlca*lyﬁ By usmg uitfa"wlole’c 1:Lghi; S
the exoelectroa emlss:x.on ean be enbanced 10000 times, Instruments
have been devmed to scan a metal su:cface by an ultraviolet. beam
and s“mdy the exoelec‘cron emlss:.on._ Fig 25 shcws an e::oelec‘bron
image. of a crnck. It has beeh observed that when minute (:an ipient)
cracks are formed dv.e *o I@tlgue,‘ exoelectrons are em'*te:h When an
object is subjected to fatigue even when it has undergone only. 3%
of its fatigue life exoelectrons reveal clearly where the material
will faill (Fig.26), This seems to be one of the most powerful
tools for studylng :Eatwve and fu“clgue 1ife: evaludclon.

©  CONCIUSION

» I have deal‘s m::l:h mfmy toplcs md many flelas~ recent
developmevﬁ;s applj_ed *o many areas of reseaxc he " Oné Should not take
this Tecture to baa sales. ‘I:alk for :meort:_ng of NDT dnstruments and.
technigues from abroad. Actually The pmpose is exac tly ‘the. reverses
X have also Tleé t“'show that bqs:_c dlsaoverles in sciende can be
used for the developmen’cs for ext:t-emely proctical” DT “toihifigmes. T
have also 1ndlcated tha‘b in some ¢ ases _uhe dlscovgary of “the -
vph’znomgnon was. actually nade in Indla Eﬁt no develo}omén% came oub

from here. This is where an orgenisation Like HAL, if it is .
| progess:we and Wl»e, cm stejp ine. IL can p:r-omote real reseaxch
and de’Velopmerit. One Wonders ‘n: ether this seml.nar (which as far
g 1 knoﬂ is & ‘he Tirst one to be held by HAL) is not the
vbeglnm.ng.



“Fig. 1 Two views of the reconstructed skull bf the
‘Piltdown Man’
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Fig. 4 Laser Raman Spectra of gaseous and liquid in
clusions in minerals. The amount of material available
is 107° to 10" "gms. The first specimen has CO,,

CH, & H,S.
liguid CO..

The second specimen contains pure
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Fig. 5 The picture of the Turin Shroud. One theory -
is that the aloes and myrrh kept with the body made «

chemical impression.

Fig. 6 A reconstruction by the 16th century artist
Clovio showing how the body would have been wrapped
in the cloth.

Fig. 7 A computer reconstruction of the
figure assuming the darkening to be directly
proportional to the distance of the shroud
from parts of the body.
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Fig. 11 Neutron and X-Radiograph of explosive pellet
at the severance point to illustrate the complementary

¢ mature of the two. Neutron radiograph shows organic
fill, plastic cap and coating. X-Radiograph shows the
metallic components and lead based explosive.

- Fig. 12 Epoxy filled electronic filter. Some
are filled completely and some having little or
no epoxy potting.

Fig. 13 Neutron radiograph of epoxy bon-
ded helicopter blade. Lack of epoxy is
shown by the black areas. Non-uniform
dark areas show a lack of epoxy due to the
method of application and the extrusion of
the epoxy.

Fig. 14 Neutron Examination of ceramic core in
turbine blades. Cd,0; is added to make the ceramic

opaque to neutrons.




Fig. 16 Neutron Radiograph of a bronze
statue cast in 800 AD. Clay cores are
revealed and showed variations in the clay
material (notshown by X-ray). Metallic pin
in the clay core have been used to hold
sections together. These pins are in the neck
section to hold the head to the body during
the bronze casting. The pins of different
metal than the bronze are used in casting the
statue. They show up very well (not visible
in x-ray). Oneleg of the statue had been
repaired in recent times. The Neutron radio-
graph showed that the hollow section of the
broken leg has been filled with glue and a
metallic wood screw was used to hold the
two pieces together. X-rays showed the
screws but not the glue.

Fig. 15 Neutron and X-Radiographs of an
epoxy bonded aluminium honeycomb specimen
The specimen (top of the figure) has a thick-
ness of 0.425”. The total thickness of
aluminium facing sheet is 0.037”. An addi-
tional aluminium stiffner (0.025”) can also
be seen. In the Neutron radiograph(cenire)
what appears to be the images of the alumi-
nium case cell walls are actually absorption
images of the cohesive fillings at the end of
the core cell walls.  X-radiograph of the
same specimen (bottom) images only the alu-
minium stiffner plate (containing hole). The
Neutron radiograph was obtained by using a
2 mg californium facility.
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Fig. 18b Holography used to examine crack
propogation. A fatigue crack was formed
at the end of a slot. With loading, plastic
deformation occurs in a region surrounding
the crack tip. The large deformation in this
area can be seen in the photograph.

Fig. 19 Haloes due to water droplets
similar to those seen around the moon
OF. sun.

Fig. 18c Time averaged holography is used
for flaw detection where the location of
Sfaults is found by noting the position of
irregularities or discontinuities in the over-
all resonant fringe pattern. This is parti-
cularly useful to detect sub-surface faults.
Picture shows the resonance fringe pattern of
a honeycomb panel. Regions of ‘disbonds’
are clearly seen on fringe irregularities.




Fig. 20 " Haloes formed by a lycopodium dust on a plate.
Note the speckles in the haloes. These are actually
images of the source. If the circular source is replaced

by a triangular one, the speckles take a iriangular
shape.
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FIG 22q. my mg@s‘ speckle ahsie«
- graph with multiple emulsion
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FIG 22¢. ”mgmm for monitoring
~ distortions around a simulated
~crack in a large pressure vessel

. using pulse laser sp@ame phﬁto- @
graphy. | |




 LASER SPECKLE PHOTOGRAPHY.
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FIG 22d. Experimental arrangement
for -using speckle photography
~ to study the structural integrity
. of an aircraft wing .
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Fig.23a Exo-electron emission from an Aluminium
foil which has been crumpled. and straightened.
The picture is obtained by placing a photographic
plate (with emulsion sensitive to electrons) on the
foil for 1 hour.

Fig. 23b Exo-electron emission from numbers
scribed by a mechanical vibrator on different days
on Aluminium foil (exposure 1 hour); the scribed
numbers indicate the month and day of scribing.
Note the numbers inscribed on later days are more

intense.
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Fig. 24 A simple exo- electron microscope and image

Fig. 25 An exo-electron image of a crack obtained by
scanning the crack by ‘a spot of ultraviolet light to
enhance the exo-electron emission.
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