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X am iuldeea happy t o  give this "ck 'at t lnis Scminm on 

Eon-f)est;m~c f;ive_.lEestix~g (TDT) crgaIrised by t h e  C e n t r S  Laboratory 

of BLndust,zn Aeromut ic s  Lbi - ted .  I happier  s-ki21 t o  n o t e  

t h e  large nmbw of E k i e n t i s t s  d i3ngciYleers frora v a r i o u s  p m t s  

of. b&a belonging rto d i f f e r e n t  o r g m i s a t i o n s ,  l a b o ~ a t o r i e s  zund 
' 

f m t o r i ' e s  t m g  pm"c this 8~crain.a~. 

Niaty. exper t s  ~~ be speaking n t  this- s e ~ ~ i u l , ~  on diff urevlt 

mpatt; -02 lIS)F, If; is-.not my i n t e n t i o n  to . -step on t h e i r  t o e s  

Land 50 c m e ~  t h e  sane  g r o ~  a d  I tberef  ore, d e c i d d  t a  ' 

e n t e r t a i n  you by slio~ving c few s l i d e s  011 sons exciting app3fc j t ions  

of XiIQ. 1 skiLil.l t o m  h OD a few of t l ie  czdvmc es t h a t  -have "c*kei-, 
i 

place i n  %!?o f i e l d ,  I ~ c i d - e n t a l l y  w e  t v i l l  s e e  tht every ne i . r lm  

t a lmique %hat lms beon dcve3.ap cd is. lsased on a-tleask onc 

i n p  o r t an3  frnltm~.1?G,?;L disc o ~ e z $  iul sa i e r ~  e * 
- - -  -. 

- I hope t l m t  t h i s  tdk pravokcs new %hiw zad r e s w z c h  5x1 

llIE,- -1% is d s o  lily fond dcxkee ";hat a large b d ~ s t r y  l i lca Z.A.L* 

?i-fZU one d ~ y  413% 3yliy deq5.g~ p l s ~ t . s  bui; v i l l  ~ 2 . s  o s thuLa te  

r c s e m  h i n  app l i ed  and p,me sc iem o .  . 

at t h e  cnd of t h e  4TLn~teenth centuryg- naw ~ - t i d a c t s ,  

l m c a  ske le tons  (lika tba% dE t h e  Keidelberg 31an) and c aTe 

p a b t i n g s  (as i31 La* a m  and fU,tcmka) of %lie P 3 3 m l i t h i c  pi'riod 

were d isc  mered  iY1 C o n t k e n t ~ l  Emap es Tlie ~&-kl~rc;rp oT3ac  &I. 

- * - - -  - - -- -- -" --A --- *.----- - *-.- 
*awd?cclCiL Behru Pellow, I T t f  2nd. Aoronauiic d LnbaraJr; o ry  



establishment in Great Erita;in firas, thereforep verg despondent as 

no such findtogs m z e  d e  there* A t  l a s t  i n  191 2, i n  .the downs 

of Sussex, amotgst the  grape3, were found fau~?a,? lrnxman artefacts,  

a skuU bone am3 a mandible ($am bone) lying c lose  t o  each otben'. 

The sW1 and jaw bone were browned t o  the  sane ex'cent - strongly 

sugges2lng t ha t  t they belonged. t o  the  same animal. A r w  onstruc so l4  

(pigel) of anew ape l i ke  launaYl u?as made. The discovery FJas  

triuslphantly amwuulced a% the neeting of t h e  Geologic& Society - 

of Grec.t &i t fan  i n  December 191 2 by Charles Dav~son the  discoverer 

and Snith Voodwmd, t h? emiaent a t  kropologist , The disc overy 

of Eontkapus D a w s o ~  or the Piltdown man as it was called, W a s  

greeted with great ent?&siasm in Great Bi%aial ' It vaas thought 

that. h r v b i n f  s famous missing l i r i k ,  t he  f5rs-t hman mas an 

Ehglishuian! Later disc overies of ha remains in  Afric a made 

the  p o s i t i m  of the  Piltdown Nan ra%her anomaLous. Pour decades 

l a t e r  i n  1953, Kemeth Oakley had t he  b r i l l i a n t  idea  of camparing 

the  f luorine con-bent sf t h e  skkl.1 bone and the m d i b l e  - v7bich 

should have been the-.sane if they belpwed t o  the same age a d  

had remined together i n  the  sane e,n,viiromen% dl these intersrening 

years. The  fluorine conteyrts, were very d i f fe rent  and proved 

beyond doubt t h a t  the two bones d id  not belong t o  t h e  s a m  

iniliviaual. Sf-ray fluorescence analysis  also showd the  

presence of potassium and chomiwn on the  surface,  es-tablislring 

t h a t  a hoax had been perpetrated. The agering' had obviously 

been achieved by dipping the speci-,snx i n t o  potassium dic l ~ o m a t e  

s dlutions! Tbe mammalian faunadhad a lso   bee^ planted i n  the  

; z ~ ~ e l  artd the a t e f a c t s  mamfao-bwed. The ident i f iea t ion  of t h e  

oulpri'ks pxesented mny problems. The m e  of the  ~~~~-~~ 

p m o s o p h e  avld anthopologist-.Tailasd de  Chardin was fox 

smetime associated with the fraud, But it is now f a i r l y  

certain that the  hoax w a s  due to %he Oxfwd antkopologis t  

Professor ~ . T i U r i a m  S o U s  and was dom t o  b e l i t t l e  (sir A r t h x )  

Smith TbToodwmd, the keepcr of the Br i t i sh  lkseum, for whun 

t h e  former had, l i t t 3 e  l ik ing '  ? 

X-RkY PLUOILBCmCE ANALYXf S -.. -..--- - -- - - -- --.-.- - ----- - 

What is this x-ray fluorescence analysis? N~seley,  t he  

outstanding student of Lord Ru-tl1erf~rd (who died i n  Gj l l ipol i  



i n  the First Viorld ~ m )  raa;inlg contributed t o  the d&elopme~% 

of tkds t~chniquer i%en materhls are bonbarded by e l ~ k o n s  

(01 had x-rays) the electrons Ln tLe invler she- o g t @ e .  
L .  

atoms ,me ejec-Ged, The subseque~t T S m - u p  of t& jlvler * -. 

shel ls  by electrons fmm-the outer-s2xUs caused-x-rays to'be - 
.- - 

cmifted. These m e  chxracteristic of tlie elements co'ntsined 141 

the  tscge-t (E'igs2), , 

-- 

The x-ray line$ are muoh fewer ' c b  the atoixic lines of 

opt2ca.l 5pect;roscopy where the el= trouls i n  the outer shells we' 

invd-vod. X-ray exc i ta$i on is/nan-destructive, to that B his [also - 
method proves ex-kcmely conv2kxLent~ for elemental amlysis* The - 

wave let.lgth 13 t tbae emi%ted 'x-xays o m  be derl;er~Lned by diffraction 

f m m  a crystal (called ay* x-ray spetrometer or spectrograph), 

The wavelength can  axso be- determined by measming tke energies 

of the emitted x-rays Us%-a lithim drifX2d s i l ic  m c r y s t d  

and a !3&%*%1;J)leZ ~ Y S , -  The vraTe lengths identify the 

elment :.:-me %he intensity (determinerd a - t h  respect t o  ayl 

internal st ad^^) gives the qumtity of the elesnent present. 

Tliese pioneeri~lg eiperimen2;s l ed  'rliioseley to the-concepA of %:*e 

a-1;cKnic m b e r  c& elements which revolutiolzised chemistry and 

chemrica.1 physics, 

-- 

Uany improvements been made i n  the X e a ~  spectsome-t;er 

since l!lose2.eyfs time*- The x-ray ~~:~roprube  malyser md the 

elec*on probe aaa1psriY1 %he se&ng ~lec t r0~1-  microscope are  

modem versiom whereig a c o a f i e k  qualitatirve quant i t s t2~e  

elemelleal analysis  over a micro-rc.i_on can be camied o'ilt vv5tki-n 

a few p~.inu-tes. 

lJX2UITI AND GAS I3TCLUSIOTJ IS l'dE-8 

Kiuc h vsluable i&orma%ion can be obtained on the" geot hermzl 

history of tSe ewth a d  i-he genesis .af miaerals by &1yxing the 

tiny bubbles' of liquids o r  gases entrapped in a ininerjl specimen. 

IioTf does one d o  it :.5.thou-t let t ing out the l icpid  or gcs? These 



I -04 
- -. 

bubbles me usually only a few microns i n  diameter and t h e  mass 

of the matmid to be anjlysed is l a s s  tba.n ~ 7 '  or 36'' grn. 

Since these aontain molecules, simple e imen ta l  analysis is no% 

enough. All molecules vibr&e and their uibrat icnd.  2requeulci.e~ 
- 1 

. . 

( 2* -\-> j j 7 - - * - )  c a n b e  used%* identify then, However, 
I c % t  - 

thcse T i 3 > e t i o ~  f i k u e n e i e s  appear ia t he  far infrared r e g i m e  

In 1928 R a ~ a n  d i sc  overed tkt the  ek?ti_re infrmed- spectra& can be 

shirfted over tc! t::c visi3le regions ,If %he noltcr&es axe 

il1umiYlatcd by a nonwkimmatrt,~ r a d i a t i o ~  t h e  imrident photon of 

frequemy ?. !?,+ e s  i t e s  'the vibrat ional  frequerr i a s  and i n  this 

process losses energy, s o  t h a t  the scat-bered l i g h t  has 
. . 

. ..>?>'! frequewies correspo&ng to 4: 9, ; ( >!, - $zijn;.d i ,:r7 
'/ ' 

(fig. 3). These spec tr& l-es - (1rn~m-1 as the Raman lines ) can ;ac 

detected. a d  recorded i n  a s~skrograph .  3 3  the ! iolecules -ms 
- 

i n  %he excited state and are Yibrating, tlnw the molec'cAe can 

impart energy t z. the imident photon ( 1 7 q  ) so that energy of 
. * 

the scattered photon is  imreased and the f r c ~ u e m i e s  
.,i ' e !  3-'F" ~ m r e a p o n d l n g t o ! f ' ~ + ~ - , !  ! ? T ~ & , , . .  and r p f  -i 

- 2" 
appevr on the more energe{& side ar t - ~ e  'blue ,sidet of the 

i rxident  radiat'an. These a e  the  'an%istokes Rams fines- The 

Ranan  Spm t;rm is a tknunb pr in t  of any auXecu2e, Eg.4 ~ S ~ S W  

the gas/liquid incfusf on a d  - the i r  2ama31 spectra obtained by- 

usingbser XamanSpectroscopy. I n  one case 4(a) the rrdxtme 
c onsFsts of Methane a,nd Carbon-dioxide ( C H ~  + CU2 't ~ i j y  in 

t he  propmf;ion 6674 33$ aYld l$vrhile in the secoxii (4b) the  bubble 

is  pure l iqa id  GO2. 2.k-e pressure insic?c: the bubble is a t  2. east 

33 afmcspheres to l i q q f y  C02 a t  roam temp watwe. 

THE FTmtIX SEROUD 

Aa objec-2 which is c a i d e r e d  %o be m e  of the  mos t  

sacred relics iui ckoristendotna~l& '1i7~~Uh is being zami.ne.& by 

rJDT spec ia l i s t s  frorrr jU. over the  world i s  the W i n  Shroud, 

T b  is a p5zoe of line~(l4 ft 3 im hs'x 5 - f t  7 inches) on 

which the sZ;rikirrg tnega%irivet i m a g e  of a figwe rex;embling 

tht of C k Z s *  is %printed (2ig. 5). 

It is not tlze e f f e d r a t e  fj-,gure of C h r i s t  of t he  



renaissmce p d n t e r s  but a mere p r i a i t ive  vigorous one of the 

ear l ie?  painters of the 4t:7 and- 5th  c e n - t u ~ i e s ~  T h i s  c l o t h  is 

repkted t o  he the  shroud th% v-ccapped the body of - Jesus C h i s t  

a f t e r  his crueifTxion! There m e  marks--on %he b s k  (scomge 

marks ), sta.ills necz the  f ae chead (the c rovin of thorrs ) md 

d.is-f3nct black m k s  near the nailed mist. How did the  f & p e  

get  imprinted? ~?:ia& it painted ox did it have some other origin? 

EstoricdF1.y the shroud hgs been traced to Odessa i n  tlne 

6 th  cen-y, $kame in %he 13th - 14tk cenkxg a d  i s  now 3.n 

, I ta ly ,  m e  pdllem grains haya beeyl c o l l g t e d  from the sl-soud 

and a33jlysed. There w e  pollem of 48 plaultip. 16 from plants ivr 

Pram e g.~d Tt;aJ_y, .9 from thim e n e a  the  Caspian sea (odessa? and 

21 fkornsaline desert p h  n t s  (1srael ~ e r u s d e m ?  ) Cmeful non- 

destructive a m l y s i s  indicates t h a t  the so cal led blood s ta ins  

do not have even traces of l.L~cmoglobin. Scientists are not 

c e r t a in  whether t rzc  es of blood can be iCentified a f t e r  2000 yews. 

The skrnud has also been though  two disastrous f i res .  

One theory is -that the aloes aYla myrrh put dong with a , 

dead body nay h v e  che r&'aU_y attacked the l iaen .  t o  produce 

the imge.  - IE^e mrface ox the-f ibres  appear t o  be sc m h e d  

( c a s e d  by the !?eat of resurrection say the believprs i ), the 

darkening differing from point t o  point producing .:he &cc-taoular 

image. By microdensi-t4rmeB~iylg the photograph al?d essym5.ag the  

in tens i ty  t o  be d i rec t ly  propcirtional t o  the distanee of the  

c lo th  fron vmious p m t s  of the body- ( ~ ~ ~ 6 )  a striHklg three 

dimensional image P&s been recmstrvc ted (Pig.?). The 

aut1-mities i n  charge of t.re shoud  are  permikting NDT sc ien t i s t s  

t o  exm.ine and study the shroud provided c,we is taken t o  see t h a t  

no daglage is d a e .  They ;lave even given one long f ib re  from the 

shroud t o  be used f or(destructive)i carLon dating* 4- team of 

3 NDT experts azo now wo&i.llg on the sku=oud using .we2y 

c onc eivable tec M q u e  ,- x-ray fluorescent e amlys i  s , t h  er-ography, 

opt ical  f2dor esc em e, infrared ~zl:d u l t r a  violet  tee lmiques, 
/ 

radiography etc t r ,  solye the nature of *I;,Cs m;~sterious image and 

its origb.,  
* .  



S W G W  BCR KCDmT CZ-mB%S ------- IN TI33 PYRA.T~lIDX 

Do the ppamids of mt haVe sezret c hanker~ inside 

them? HOLY could one x-ray these giant snorunments hying 
5 3 8 

, , 

volume' about 2; 5 x 10 m and mass, 3 x I? , kg 2 and find ou% 

::hetliier some pric eLess, jewels and ay@ haeologic al ly  important 

ma~e r i a l s  are not h5.dde~ i n  them? T h i s  wag the, quest lm that 

Luis  Alxarezb the mcle@r -, physicist asked I~L~se2.f a fear years ago* 

There m e  some zeasons t o  suspect the sxistewe of secre-b 

chambers 3.n these p l y r d d s ,  The t h e e  great pyramids of Gizeh 

zce sika-ted a few h u e s  sou%b?es% of. Ch i ro ,  the two 1zrges-b of 

hose-  beC* Gheops (3ase 2 3  rn x 230 m and b i g h t  145 in) wd 

~h%$&=m(base 215,5rnx 215.5mand heighZI 145m)* T h i s  

c mplexi-by of the inte-rnjl architecture of pyramids isncreased 

during 'the Fourth Qnas%y wltil the t ine %a!? Cheops md t:xa-iic.- 

gave irva.y t o  quite sirrple desigas. - Tbe simplicity of. m + ? $ 1 3 b ~ ~  
pp&d conpared t o  the  e l a b a r ~ t e  structure of lzis fa%hert s 

great pyramid is  expljined by heologists i n  t e r m  of a 

"period 02 experiuen%ation". 

A n  aLternaL:ve e x p l a m t i o ~  f cr the sudden d a r e m e  i n  

iaterr!.& -c myX exity could be ( s c ~ m 2 d . n ~  t o  ~ l v a r e z )  *ha.% -- 

T&gplw&, w.chi-tec ts htzd been m m c  mcc essful i n  hiding thei r  

u p p e r c h b e r - t b w e r e  Cheopsrs, He,evol.ueda"chrSque of 

Ickakixg inside "the pnanidds usi-ng penetzatirg cosmic ray 

nuons mi-d,c h bre continually boube ing  us f m o u t s i d e  , Alvwez uced 

s-pmk c k b e r  dstectors + The .story of. theso measurenentg reads 

like a fa i ry  ta le ,  Scientific co-op mation be-2:;een USA eizd 

Egypt went on athough there wax corrple-te break rin the 

diplo&ic rela%At;n betreem. the two cow?Gr$es! Cm-ic ray - 
2 

de-f;ectors wit'h active weas of 4 ra md hLgk 3 . w  rcsolu%:-on 

were- i~s t&led jn the cbar:ber just Eelow? %he b?sc of the p y r d d .  

The e osuic ray 'measurementst a d  the subsequent c mputer 

calculations clearly shoved the 4 Gi~gomI  rihges of the pyr-&d 

hut the- inteylsLty def i d t e l y  sdggesked that- no c r ,z:>er with 

volwaes sirnilax t o  the 4 chaabeTc i n  t h e  pyra,d.d Cheops a d  

t h a t  zf lris @and father Snef ems  exist i n  the mass d 
\ 

Ribestone, T h i s  is perhaps the &rgest object that has been 



X-WIOGWIK X-RAY TO?JO@&?Hy - 

/ 

The prim iple used by Luis f ivs~rez for shad-ovv5.ulg thc  

nassive p p m i d s  employirg the pexiefzating cosraic m y  auow . 

is  the sane as t h a t  c9 X-rasograplq, The discovery of x-rays 
by 1"iilhelrn Rontgen in 8 95 s tmted  the revolution ia pl ip ics .  -. 

That a great mind can do w2th a lchan~el discovery can be seen 

by reading'~ontgens fb s t  pap* w b i e  h is remxkable i n  many 

r e s p e t s .  All of us haye seen the famous ra&icgffaph taken by 

hin of a l e f t  hand ?~Lth a r ing  on i t s  third finger (2ig-8). 

But we &so know th t t t  i n  an L-radirgraph the  Lnternd- structures 

superpose -a that bones w i l l  obscure tile u n d e r l y i ~ g  stxw ture . 
It lfias recently been poss-ible t o  overcome tkis by a Gec Imiqu:: 

c a e d  the computer To~ogmp.kiic X-ray scamring. In  this the 

X-ray source and,-the deJ;rctars sys-kcm move simultanearsly m'otuzd 
-. . , 

the :jb j e c t  measukiqg the bctnsmitt&d- .intensity (pig. 9 ) . 
.d \ 

A s  m y  as a million intensity nmsrmemcnts a re  taken wid - - 

reco~ded on t a p  and a con.p~?-tex pocesses the data an2 produces 

a picture (pig. 1 0 ) .  The basic primiple of this method can be 

c ruddy  understood i n  the follovcing manner, If the object 

rotates about a ~~~~~~r ads al l  detai ls  excspt of' those which 

l i e  exactly on the czxis of r::taticsn get smcmed out,  The computer 

ac W L y  reconstructs this eliminating the sneared data. The 

soluticlnto this problem of cwrse is very oonplex requiring 

~ a t h m t i c ~ d .  a d  computatioru~l irgenuzty. T h i s  ,rrmwkable 

imtmment is  now to b3 found i n  many how it& aUlr3. di2,gnostic 

centres. Its resolution is s o  good t h a t  i t  ccul actual ly  

disti-ulguish between k healthy ti*,sue and disea3sed soft tissue. 

With the advent cf ~uc lea2  remtors  (md pa - i i c l e  

ace e ler~, tors  ) , P~a,cliog~ttphy using neutrons k s  bee ome prac t i c  dL. 

To be most useful i n  radiography, neutrom at'st be slowed down -- 

and "ceseiY'nerW neutrons" can be obtdned directly from nucl e a  

rec2cb.?s, Por the ,diTferent elements of the perLodic table the 

absorption c h a c t e ~ i s t i c s  02 t h w d  neutrons ,and xqays  =me 



essentially reverse& Heavy  elements l ike  lead, bisuuth and 

uradura which s'i;rongXy absorb x-rays as& practically transpa;ce~~% 

t o  thermal neutronst Conversely,hydrogen, lithjlaa, boroa and 

o t k r  Xigilt elements sh-oligly absorb % h e r d  neutron while--they 

a l l o w  x-ray t o  p ss t haugh thenfreelye Tlzere hotvwer 

some heavie~ e l  a?l at s Like c addm gadolinum, --s81;1a3"i?:n and 

eurcpiun which abscrrb t h m d  aeutrors rather s k o n g l y *  

- 

The cimplementq nat;urs of x-rays and aeutrws is 

illustra%od by the ~adkcgraphy of an explosive pellet  7 4) 

The neutso~l radicgraph shovss shadoms of tl?e organic mte rkds ,  

tlie pBs-tic cap Qyld coating on tke silwiniw;i,czp~ etc, ~ ~ h i l e  

the x-rdi~atpl? skovis shadows I& the ne-talZic coaponent~~ and 

the l e d  basad expla; ives. EJeukon radicgraphy helps 

l ike  plaatieg orgai4.c m.te~ia3.s etc Fig. 12 illuska-bea - 

how the efffciewy od: apoq  potting of electro- f s t e r s  can be 

detected .by neutron radiography. The testing of- an ePoxSr boded 

h e j _ i ~ o p k - r b l z t d l e x i s i ~ f u s t r ; l t c ~ i n Y i g ~ 1 3 ~  Turbfie-blades 

b e  t o  be removed completely by leaching* A sq3.1 residue of-  

core eaa cause zt hot spot fbnd oause a "burn tInr~ugh'~, To detect 

tE-s some Gd 0 (-:ibxLch absorbs y1eutrons)is adiied - t o  the c e r s l i c  
. 2 3  

forming themc*e, Fig,?4 ia5_usty~trts the inspection of these 

b$ neukuls, 

Pig, 1 5 :: hovis hori epoxy bo~ded & t . W ~ i l  honey c cubs c ZI be 

t es-i;ed far f au l t s  
- - . 

Fig* 76 s h3FIs an .8$h c e n b y  BudGha s t a k e  of th.e Gupta 

peziod, neutzon radicgaphed t o  deterraine how the s t a k e  w a s  made, 

Tha usn & u3trasonicx for flaw detecec"cion is ~efl-knovfn 

and thSs v s i l l  be the subject r:f a few t d k s  iil this seminar. 

I t - is  in%t"resting t h a t  J.C, Boss one af f:?diaxs outstaulding 



I ,og 
-. 

experimentem - arensTimL f::r his work on ~llicroviiaves - studied 

the 'cry of netalsl  i n  the first decade of this century* Eis 
I 

work is, In a sensep related t o  tlie lnodesn acoustic emission 

wl-iich seems a prorxLs3.n.g method of monitoring fatigue. A high 

frequency ultrasound is emitted every time a nicro crack forms 

h a nct2tX: - . - . , - ,- 

., 

n'luc h progresc ks d s a  been made i n  ul-kras onic ililaging, 

pmt i cuk r ly  ia the field of m-a-icjL techyl01ogy~ I sM1 d m ~ r s  

remember the re l ief  on the faca o f  ~y frienrl i n  Hollad when 

ultrasonic inaging revc&ed -that :.As wife was not going t o  have 

The discovery of the  lase^ 1 -  becks-a boon to hDT. I am 

sure all of you noted t h a t  t h t  Baimr- spectrmaf 10-" gu of gas 

i~ a aineralt could be recorded i n  a f e.,, ~econds oKLy because of 

lczsers. Ramn 9n his origivaa2 rc;se,wches t ~ k  a Sew days t o  recozd 

the Ranan spectrum of gas! 

Fhme m e  nay linj,t&ions t o  the cormventiad ultrwoYlic 

f l a ~ r  detection tzchulique, For e;:anple, it vvou2.d be difficult 

t o  use it i n  the snon-destmcti~e t e s k i x  of ficrov~elds. In  . 

c onventiomS_ techniques t be pulse duration is 100 t o  200 ~.m1(3 

s w  mds (ns) ~i~hich is me h higher t k ~  t l u t  required t~ t e s t  th in  

sheets vvhic h requires 10 t o  40 yls pulses, Pdlses inam ed by-- 

lasers ha-v-e t::ese short durations, -The ~bsorption of 3 a s a  

r z d i a t i ~ n  at the surface of a solid causes r q i d  heatil.lg. If the 

intensity i s  kept low enough cot to  next the-solid the ha% 

absorbed by the t ;  i n  layer  inczLases its t h e m e  energy-, If the 

he~%ing of ';he la;-ez i s  fas ter  tban tbat cod.ucted away into the 

bu2-hnaterial, the heated layer e q a ~ d s  md exerts a "stress pulsef' or1 

the material, i, e, aa ultrasound slmck vIme af very high 

frequency is generated, Lasers u-si-ng T ~ 8 % n m - - ~ ~ ~ - ~ w s l  ( YAG ) 

(q,96; wavelength v&th o pulse t ~ e  of 15 t o  17 ns znd in temi ty  

40 raj ) are id& for  such experimentsc 3,Ecroprobes have been 

developed specifically to  detect these pulses s o  tht n i ~ r o ~ ~ e l d s  

can be tested usirg this techniqu-e. 



9 X m a s  c a  be used t o  produce tlltrasolhnd of frequ-eulcy 30 t o  

10" Ee~tz .  Sinc e the nave length is only a few nic rons, extremely 

f ine  defects can be detected. 
I - 

To me as ayl x-ray crystallopay1?_w one of the nest exif i jng 

1 things t h a t  .hs ha.ppe~1e.hi.hi.hi.hi.hi.hi.hi.hi.hi.h (as a dime t 2esult of f u s i o n - r e s e ~ h ,  

is the gemz t ion  cif x-rays using lasers. Xorually x r a y s  m e  - 
generated by bombding a target by f a s t  electrons, The e f f i c i e s y  

of x-ray poduct im is l e s s  th,a-l$ i .e ,  more t b  99% of -the energy 

gets .c onverted to  heat* %%en x-rays 3y'e genezcated by lase3 kteatix 

theconversion efficiemy is as K g h a s  2 5 % -  40% Fmther t'rie 

pulses are  s o short (10 ns) that  these x-ys can acisv,ay caxresti  

k %EX a bmble bee i n  f l ight ,  The t;hysics of this high efficiency 

cav lbemders toodin th3  fol l lc~ving~m-rler~ Thecoherent lLasez 

radiation can be focussea t o  a veyy s n d l  mea t o  mike tlle eGergg 

density very :high. The pulsring is lsclc l? that the meLd e~apma te s  

a& fms  s plasm. The elect rons  of  -the plasna m e  accelerated 

bx the intense exec t r i c  field. ts enit x-rays by the 'Brel-u?ls-t;raEiL~' 

process* Tlie electrom Ell so polLi.de Wth the atozs and ions of %he 

rrretaX i n  the p l a s ~ a  50 enit x-ray, Tlie ~et-~7;L solidifies soon 

as the laser  pulse stops, 

Lasers c,m also be wed *LO produce nez'rxons. But the 

i ~ t e n s i % y  of the-neutrons so produced is st i l l  101~~ But a 

c olzsiderable i~1provemen-i; i s  expected in the aext f i ~ e  years * 

Holography is a photogrzLlJ15c process which a3-1mfs a -thr.c;c?. 

diaensiond rec? ord t o  be made ?f all objecA: ar  a scene. 3'igt-27(a) 

i l l w t r a t e s  the optical ay"rmgs~;iw% us ea i n  taking ordinary 

collects the reflected light and pr~duc ex an wp'J_i-t;ude (or - 

in%ewitS) rec01"d 02' the l ight  distributTion on the photographic 

material giuing the usual t t ~ o  di.mewiona1 photo,yaph. In - 

holography Pig. -1 D ,  the nbject is i l l u ~ i n a t c d  by c oherent lasex 

l ight.  



', rn -; 1 

The photographic p la te  re  eives l igh t  simultaneously fron (a )  the 

obMeoi and (b) the source l a se r  (the latter by r e f l a t i o n  fron a 

mirror). , The t ~ v a  wave f ronts  interfere and the-interference 

pattern i s  recorded. !l!his p la te  c ontains information not only 

about the l i g h t  diskribution r&lected by the object but also the 

p k s e  WormatIon fron. which the s h p e  asld t h e  posi t ion of t h e  

ob j eo&- can be rec onstrdcted. T h i s  is done by viewing the  

k . f l - 4  :,;ah by l a se r  l i g h t  Fig. l?c. A m2rtual three 

dimensiondi image vr"ich i s  identical  i n  all r e s p e c k  t o  the  

origin& object can be sqen. 

If after  processirg, the  hologram i s  replace3 i n  i t a  i n i t i d  
position md the object i s  deformed -in s one way t o  a l t e r  i ts 

shape, the two images w i l l  no longer coiwide. T h i s  lack of 

c oincideme ~ e s u l t s  i n  the  object appearing %o have a f ~ i n g e  

pattern covering it; and each fringe contour i s  b a s i c ~ z l y  equal 

t o  a cilangc i n  shape of the-orLana1 ob j ec t by hslf a vave l e r ~ t h  

( ~ i g .  18a.). Hence, an accurate nappiag of t he  def ornation is  - 
possible. Fig.18b shows the use of holographyin examining crack 

propagatiun vliile Fig. 18csliows hsw ;:clography can be used t o  

detect subsurface fau l t s*  The s t rengthof  a honeycomb is - 

dependent i n  the  bonding of the ogter skin t o  the inner supporting 

grid. I2 the honeycomb i s  made t o  vibrate i n  a resoulant mode and 
I 

5 %&me-averaged' hnlograpw taken, the discontinuities i n  the 

o v e r d l  resonant fringe pattern d i rec t ly  g i ~ e s  the location of the 

subsurf ac e fau l t s  . 

-- 

A n o t h ~ , ~   heme en on vuhich ' s  proving . q a t e  promising fo r  NIT 

i s  d laser-speclces. When a surf ace of an object is 

il11-minated by a l a se r  one sees phantom bright ssp ot s whic h dmc e 

and jump as  the eye of the observer lizoves . I n  the early days - 

t.%se d+ming speckles were considered a nuisance and.--techniques 

wcre e ~ o l v e d  f o r  getting r i d  of the::. Now they are  proving 

valuable for  reseavc h. 



Strange1-g enough, these sp ecklcs w e r e - - a c k ~ y  fobserved 

by E~.man in India as early as j939 mch before Lasers were 

inyen-ted, He w a s  interested i n  haloes t h a t  smround thb sun a d  

tbe noon when a, th in cloud f l o a t s  by ( ~ ~ ~ 1 9 ) .  These haloes 

c m  $ also be produced by having (lycbpodiun) dust par t i c l e s  

spread 'c'lririLy on a glass plate and v i e v C h g  a distallC pojnt 

source (pig, 20), :7b612 these W o e s  are ca re fu l ly  observed they 

show a dotted ae speckled appmitme* 'A s a l e  spherical (say) 

pmt5cl e pro&u-c es a d i f f ~ a c  t i o n  pattern of c i r c u l a  rings 

g .  The s i z e  of t h e  parkic,le defines t h e - s i z e  of t h e  - 
rillgs. - These rhgs w - t h z r e f o r e  be used-to-rnzasure-the s i z e s  

of extremely sixaLL p a r t i e l  es . If t h e m  are a ide;-,t;ic jl 

par t ic les ,  the p a t t e r ~ i  the scanel o~2.y the i n t e m i t y  

Seeones n t i ~ e s .  Lel us comider  the in t ens i ty  a t  any ~ o i n t  on 

the screea where a di f f rac t ion  mazimuu occur. Eac lz p r t L c i e  

xcat ters l ight  a51 these l igh t  riaTes reach this point. 'PI:.ese 

% T a m s  -1 bye the same amplitude A ( ~ f  %he pm-l;;icles w e  of the 

sme size)  but &he phases would Be d i f fe rent  as the v~avgs have 

t r a ~ e l L e 2  Z i f f  erent dis tarc  es  (or. p::t;l:c-). Th& r e d  t a t  amplitude 

and- phase of the Light vi:-ye zt point of the screea l r u i l l  be 

give& by the ~ e c t o r i d  addi t2.0~ of all the 15gh.t waves fron ti-:: 

various pwt ic l e s .  Thmefore the r c s u l t m t  arrpll%ude caa v q  

from 0 t5 n.A, The fspecUes-' o r  brig:& spots a p p e a  where-. 

the interfereaces is cons%mcti~.~e and t h w e  is ao l i g h t  where the  

~ t e r f e s e n c e  is destructive, P,mm f i r s t  tksed these speckles t o  

denomtrato Br0111~3ian motion - the  phenoraena ahic h smsQl nitro- 

scopie par t ic1 es susw nded i n  a l iquid  ,move er ra t ic  a l l y  6ue2 %:, 

i r regular  molecukw bmbardmexlt;. Vbn t ' -e  lwJoes are obserred 

tlz:ough a b o p  of dilute E&U (vjbich contzirrs rrticmscopic 

c o l lo ida l  par t ic les  ) t h e  speck2.e~ junp abou% , wra-t ical ly  displaying 

the T t r o m ~ m  notion of the dif0sac t ing particles.  

Tkris .exper%e?.% ' d e ~ o ~ l s t ~ ~ t e s  %bat  by 0hservLt-g the specklesg 

i n f m ~ . a t l o n  can be o btttined about the di q o s i t i o n  or  disJGl"ibutLon 

of the  part ic les ,  If a surface i s  i J1wh~t 'Sed  by n-laser bearn, 

t h e  scat tered b e d o r  %he differell* p o i ~ t s  on the  -face fom 

speckle the exact disposit ion cif the surfs e can be c&culated 
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by a st~dg11-k f o r ~ ~ m d  Pomier Trmf ornation, Unf o rk ina t  ely , when 

the speclclea m e  photographecl the plase i n fo r~a t ion  i s  l o s t  mil so 

t he raomt ruc t ionp re sen t s  1;13nypro?2lens. &-t these m e  

ideaticcl  t o  those c o m s t c d  with the phjse problen  in x-rax 

cryst&iogrnpl?y. We s W  not discuss these tzltay, Pig* 22 

shov?s bow spark sp e1iX.j pboto@a.phy can-be used t o  s k a y  the 

distort ion of a honeyconb pmel, %be s'rruc-ixmzl rintegrity of an 

aixcr~if t  w i n g  o r  t l i ~  distortion ,wou1id a shulateli  crack i f i  a 

1mp pressure vessel. 

L X O  l3l33CIPBOXS - ---- -. - *  -.-- -< 

- - - 

- \ken ct raetd is beat ed , it emits O ~ C  t r o w  . T h i s  

eff cc % w a s  f &s t  Sisc overed by Edison, T;;@~B the therrtal onergy 

supplied is  g e z t e r  rf;llm,n the wm1c f ~ t i o n ~  the e~crgy ~ C C C S E ~ ~  

t o  extrs;ls.l; the electrons Prom th:: surfme - l therml-elmtronsf 

m e  anittea* l igh t  ffls -on a net& ax-d tlie ener-gy 02 &lie 

photon i s  greater .than f h ~  work f k t i o n  tphotoclatronst arc 

emi.-f;t~d. - If a vwy s t r o n g  c3.m tric Ticld is  i-pplZed the 

el= trans i w i 2 c  a net& can be cxtrac t cd,. . I(ramcxs in the 

early 1940 s while imcs  t i ga t i n j  why geiger. o om-kcrs - belmved 

err* tic &ly. f r r  son?triui: d t c r  fabric aticn , rlisc ov w e d  %la.%- 

Z r c s l a y - l ~ r e p m e d o r n ~ l ~ d - t  euit  ~cc-krons (ex0 eleckrons). 

~ h 3 '  exact physcical reason Z9r t M s  elmtson cxtissiorr i s  not yet 

csnplc%ely wnderstood, Pig, 2% sh-vis tliz exo @Iectroa snission 

f o r  a e m p l e d  Alu-un f oSI  which b s  bem l a t e r  stra2ghtenell. 

A plnoto@aphic pla te  plac e3 oil %lie 2021 -f OF one hour'produc cs 

this k a g c  show* the e lec t rc )~  eLiSsion fr0i21 the a ~ a p l e s  m a  cracks, 

The cxo efec-t;rorx erxissf on l c x t s  for  a rEcw weeks, being i nhnse  i n  

the begim;in&  ad dying off slotily., .Th is  i s  well Lki.ustrztad 

i n  Fib. 23b v111ere nunbers 1me been scdbed on different days 

Tlie l a t s r  vwitings are norc iatense tba t:i.e e c n l i c ~  ones. jYg.24 

shows h.>w t h .  exo electron inage c zcn bs intensified, A s i ~ p l e  

clec trostat ic  lens focusses tlic exo elec trons 3~ t o  a rzultic l m e l  
7 

e-lectrour uultipliez plate with a gain of 20 . In?.ividmf elcc'crolas 

a re  c on~erted- t o  lsright l igh t  spots of s1sov.t 293 ,,& n di,meter : a 

@gnifie-ation . _ of 100 1x1s ss f a r  Iseen. ackteyed. ikl t ingo crystal  

tr-cnsf ~1r11ati3ns g2l.s-l;ic - 2 cfomation, c racks mci wen h e  ipient 

c r x k s  e f i t  em eleo t r ~ n s .  



Emelectror?s are eiilitted spontaneously bf they ( 3 m  be 

st&ufn,ted themally or o p t i c U y +  By using ul-ka%iole-L l igh t  - 
the exoelectron emissioli can be enhmed 10000 t b e s .  Instrments 

haye bean devised t o  scan a met& svzface by ayl. u l t r z~ io l e t  bean 

a& s t u Q  the exoelectrola emission.-- Pig 25 shorn exoelectron 

inage - of a cco.ck* It has bee' observe4- 'chai; w h e ~  nbute  ( ~ D C  &imt f 
crac;E4.s famed due t o  fatigue, exoelectronx e d t t e d *  'QTklen an 

object is m b  jected to  fatigue men when -it has mdergone odly. 5% 

of its fatigue l i f e  exoelectro-m r e v e a  clearly where ths  m1,erkl 

w i l l  fail! i s  26) T E s  seen3 to be one of the most powerful 

tools  f m studying f at&gg::e an6 fatigue l i f e  evaluation, 

I. have dealt ~ d t h  many %epics ,and D ~ Q T  fields- recen t  

de~e lop~e~ '1 t s  applied t o  meas.-of reseaxe h, One should m t  t,ik~ 

this l e c t u r e - t o  be--a s d e s  talk for  inporting of ofT-i,rstrumec"l-i;s ayla 

tah3liques  fro^ abroad* ActuziLly the pwgose is emztly the- rwerse. 

I lave also hied ts shorn that bzsic discoveries i n  science can be 

used for  the dwel  opmmt s fo r  e x t r a  e;ly pctIc'~1 ~ i b T  %cb3~1&9ges, 3 

lme also indicziked .that i n  some cases the discovery OT the - 
phznonenon was nc-iail2.y made i~: Gia but no development cane a t  

f ~ m - h e r e .  T h i s  i s  vhere an o r g ~ ~ t i o n  like HPL, irf iE i s  - 

p r o ~ e s s % ~ e  and wise?, c ,an step in. If; can promote re& rcs-3 

-md dwelopmeurt= O n e  tuonGe~s -~-1.-:e:etber this sem5i-1~~- (siiibic'h as f axfi 

r+z I Pnon is t the first one tc be held by E4.L) i s  n o t  the 

begirmLrg. 



Fig. 1 Two views of the reconstructed skull of tlze 
'Piltdown Man' 

Fig. 4 Laser Raman Spectra of gaseous and liquid in 
clusions in minerals. The amount of material available 
is lo-' to 10-lOgms. The Brst specimeiz has CO,, 
CH4 & H,S. The second specimen contains pure 
liquid CO,. 







Fig. 5 The picture of the Turin Shroud. One theory 
is that the aloes and nzyrrh kept with the body made a 
chemical impression. 

Fig. 6 A reconstruction by the 16th century artist Fig. 7 A con~puter reconstruction of the 

Clovio showing how the body would have been wrapped figure assuming the darkening to be directly 

in the cloth. proportional to the distance of the slzroud 
from parts of the body. 



Fig. 8 X-Radiograph of  human left hand 
taken by Rontgen. 

Fig. 9 X-Ray Tomographic machine. 



Fig. 1 I Neutrorz and X-Radiograph of explosive pellet 
a t  the severance point to illustrate the complev~entary 
~zature of thr two. Neutron radiograph shows organic 

$11, plastic cap and coating. X-Radiograph shows the 
metallic components and lead based explosive. 

Fig. 12 Epoxy $lied electronic 5lter. Some 
areJilIed completely and some having little or Fig. 13 Neulron radiograph of epoxy bon- 

no epoxy pot ting. ded helicopter blade. Lack of epoxy is 
shown by the black areas. Norz-unifornz 
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. Cd203 is added to make the ceramic 
opaque to neutrons. 



Fig. 15 Neutron and X-Radiographs of an 
epoxy bonded aluminium honeycomb specimen. 
Tlzr 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 stifner (0.025") carz also 
be seen. In the Neutron rrrdiograph(cenlre) 
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. 

Fig. 16 Neutron Radiograph of a bronze 
, statue cast in 800 AD. Clay cores are 

revealed and showed variations in the clay 
material (not shown by X-ray). Metallic pin 
in the clay core have been used to hold 
sections together. These pins are irz the neck 
section to  hold the head to the body during 
the bronze casting. The pins of diferent 
metal than the bronze are used in casting the 
statue. They show up very well (not visible 
in  x-ray). One leg 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. 18b Holography used to examine crack 
propagation. A fatigue crack was formed 
a! the end of a slot. With loading, plastic 
dejormation occurs in a region surrounding 
the cruck tip. The large deforwration in this 
area can be seen in the photograph. 

Fig. 18c Time averaged holography is used 
for j a w  detection where the location of 
faults is found by noting the position of 
irregularities or discontinuities in the over- 
1111 resonant h inge  pattern. This is parti- 
cularly useful fo detect sub-surface faults. 
Picture shows the resonance fringe pnttern o j  
a honeycomb panc.1. Regions of 'disbonds' 
are clearly seen on .fringe irregularities. 

Fig. 19 
sirnilor 
or sun. 
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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 triangular 
shape. 
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Fig.23a Exo-electron emission Jrom an Aluminium 
foil which has been crumpled and straightened. 
The picture is obtained by p/acing a photographic 
plate (with emulsion sensitive to electrons) on the 
foil .for 1 hour. 

Fig. 23b Em-electron emission from numbers 
scribed by a mechanical vibrator on different days 
on Aluminium foil (exposure I hour); the scribed 
numbers indicate the tnorlth and day of scribing. 
Note the numbers iwscribed on I a t ~ r  days are more 
in tewse. 



EX0 ELECTRON M \CRoSCo Qt' 

Fig. 24 A simple exo- electron microscope and image 

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




