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               LASER-INDUCED  THERMAL  ACOUSTICS  SIGNALS
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TTiiH papc'r desc/ribes a  non'invasive  method  of  temperature  measuretnent  behind  un{{erwater  shook  waves  

'IT}iis

te(/hniqL]e  is based on  Iiaser'Jndutx:d T'hermal  Aooustics Ct.ITro, where  in two  coherent  pump  laser beams eresN  nl  a

very  narrow  region  in water  so  as  to ereate  bent signats  of  laser beam,  whieh  results  in therniEd  disturl,miees

propagHting  ,d  tho  sound  speed  in vvstpr.  11ence by irradinting this  {:ress'regieu  "'ith  a  probe  beam,  variationti  ot'

sound  sl)eed  ut, thnt, spot  cap  be deteet,ed. 1'he loca] t(itnpevsture variativn  cfin  be { gtimfited  from the vftlue  oC  soun+l

speed.

l, INTRODUCrliiC)N

Unlik" adiabatic  c:ofiipretisions,  $ho(:k  waves  }n gases
(''llt enhance  t,enip{)ratures near}y  preportional t,o

scluare  of  sh(Kk  Mac:h nurriben  }Ienee most,  of

byp{ rsonic  ground  ti st faeilities utilize  $hock  wav(  
-g

eh high tempi'r,/:･ llr{ generniors,  (Jndcn'wariRr shock

waves  arr!  inLunsive}y  u".d  for' various  meclicril

applications  i), 1-.K)cvause walE,r  is less {x)mpfiissible

Ihan  gases and  benc:e highcr pressures  are  r"adily

created  wit,hout  enhancing  t( rnperalures.

In medical  appl]cal.tuns  it is bi  L]1 an  open  question  that'
by fhcusing ol' underwaT,ir  hheck  waves  huw high

tempi)ratures (van  be. Th(, high  te,inpera{ur"s

g( nerate(t  by underwak･r  shock  focusing, ev{  n

moinentatily  at  k"'a]ized spot,  may  daTnage huinaii

tissue. &) far we  tiuiweyed  open  literat,ures. there is  t-

r(,]]nbie  temperature  n')"asuremei"  behind
underwatershockwavespartieularlyoveny)ressuresuf

whLch  are  leHs than  100 M['u  This is the  range  of

ptessures under  study  ft)r rnedical  al)plk)atiuns. Jt is

estimated  that  within  t,his pressure range  the  shock

oven)ressure  should  be in hr}tween roem  temperature,

to highegt not  more  th,an boiling t,einpe.rature.

[nsert.ion of  soiid  thernioinet,ers  or  t(,rriperr)ture

sensitive  gauges  ]Jlto water  1$  (]xl,reme.ly  lnaarurat(i

due to t,heir heat capaeity  solid  gauges  wilt  nev(r

detecl, temperature  variat,]ons  for a few mtcrosecTond

or  eveH  less,
The equations  of state  oS' water  so  far reported  are

constructetl  noL  to estimat<i  such  $ubt,le  temperaturci
etihancements  but in maiiy  (mses  to predi{:t
nnalytically  higher 1,emperatures in water  which  may

be g{ nerated  by the deposition ofvery  hjgh energies  
L'>.

This paper describe$ a  non'invasive  te.mperature
measurement  technique  based on  four beam  mixjngin

watpn2.

 GENERATION  OF  UNDERXVptIiER

         SHOCK  WAVES

The generation of  underwater  shock  waves,

particularly plane  ones,  is net  easy  a$  eptimistic

people 
'may

 cmnsider.  Spherieal shock  waves,  on  the

c:ontrary  are  relat･ively  easy  to produce u$ing

electrical  discharge or  explosion  of  micro'explosives.

In the Shock Wave  Research Center (SWRC) we  have

been using  10 mg  silver azide  pellets detomttion in a

water  chamber  l'or generation of  sh{)ck  waves,  
'1ihe

pellets are. pasted on  the  tip of  t.hin optical fibe.r and

irradiation of  Q-switched Nd:YAG  laser t)eam (7n$
puls{: wLdth  anct  25 mJtpulsp)  ignites the  pellets
Nearly perfecrtly sp  herically shaped  underwat  ctr shock

wavti  eould  be generate,d using  t,his methe{l  
V
 }t'rofn

int,{,rftyen{x} friiige (list,ributaons  its chara[t,ensl,t('s

can  L}ib quantil,atively determined. Although  tt,s Mnch
nunibt  T iti very  clc')se to unity,  il, stiU  n)aintainb

non'  li near  eharacteristics  of  shot'k  waves,

3. TEMI]ERATURE  MEASUIIEMENTI'
        BEH1NI') SHO(L'K wnVE

!.asc'r'inducx)(i thE,rrrial acoustics  (LITA) is a  ft}Lir'wave
inixing  t,echnique  thaL  can  b(L used  ft)r obtaining,

arriong  ot  herpropprties, the speed  of  sound  ui' mettiunt

sitnutated  by lnser beam  niput  
4),

 This niethod  is

nc]n'invasive,  f'ast enough  t,e vbserve  short  durat,ioi.
phenorr"xna, and  with  high temporal  and  spalial

resulutKnis,

1'hysic/al principle for obtaining  LI'PA signal  lay$ in

t,h(i fotlowingi twe pulsed laser beams  (pump beains,

driver beams) of  equal  $trength,  that is equal

wave]ength  )Ld, interse(Jt at  a shallow  angle  {) in t,est
sect,ion,  as  shown  in Fjg, 1, ln 1he  intersection region
t,hese beams  interfere, thus  creating  an  electric  fielcl
grating by molecuiar  mechanisms  of  thermalizat,ion

and  ele{trostri{:tion,  which  result,s  in a  densit,y and

hencxi in a refractive  index grating, The. spatial  period
ofthe  grating will  be, A=Xl2 sin(ei2).  

rl"he

 evolution  ef

this grat,ing (2n  be examined  by a  {xmtinuous

int/errogation beam  (seurce beam, prebe b{i･im) which

is direcrted at, {he  phase  matching  angle  (eph) at  th('x

grating, Pha$e  matching  is equivalent  to the focusing
the probe laser beam  at, its Bragg  angle,  given by
eph=arcsinaprobe/2A)･
So, part of  the probe  beam  that  passes through
density grating is ooherently  scattered  into a  sigiral

beam,  the so'cal}ed  LIrllA signal.  Since the density
grating evolves  ever  time  and  the  LI'llA sigma1

int,ensity is proport,ional to the  instantaneous densit,y

grating medulation  depth, the  LITA  signal  allows  u$

to observe  the  grating  evolution.  The  speed  ef  sound  is

encoded  in the LI[IIA signal  as  the Brillouin frequenc}L
i,e, the  $peed  of sound  divided by the  fringe spacing  of

the density grating. The  fo11owing diagram shows  the

pattern of analyzing  the results  gained from  I,ITA
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signall

UTAsinal:
Exerimentalcondition:A=X12tiin(el2)
FFI"analsis:
LITAsignalfrequency:zaneustics=1/fi.rTAslign2i
SeeclofsoundCsound=AITeceustics
Tm]erture'seedofsoundralation
WatertemeratureTwater=F(Cseund)

4. EXPERIMEN'IIAI. SET  UP

Previous experiment$  for measuring  water
temperature  by I,ITA have shown  progress in
obtaining         the signal,  but the  precisien of  the
measurement  wa$  not  within  t,he desired limit.
Therefore, with  the  aim  of  incre,asing the  accuracy  of
the measurement.  some  impTovements  were

introduced for the  experimental  setup.

Fig, 2 is a  schematic  (hagram  of  the experimental

arrangement,  The soattering  field will  be generated
by dubling Nd:YA(Haser  beam, operating at  532 nm
with  a  pulse width  of  100 picosecond, while  the
probing beam  win  be used  fbom  a  CW  Verdi laser with
e,1'2 W  power  at 53L' nm  wavelengt,h,

In order  to avoid  laser florescenee and  to keep
populat,ion inversion in (iye large, an  acx)ustic opt･ica]
modulator  will  be used.  Pellin Broca prism  will  be
used  to prevent unwanted  stimulated  lights getting
into det.ector,
The  detection system  (nnsists  of high speed  pheto
multiplier  tube  (PMT) and  a  2.5 GHz, 20  GS/s 4
cham]el  DPO  digital oscilloscope  as  data reovrden
Init,ia]ly the  experiment,  wi}1  be performed  in still

water  with  the aim  tn obtajn  the l.IllA signal, Later it
will   be investigated t,he possibility of usage  of  LrTA
technique  for moving  water  by  th(, influence of  shock

wave,5.

CONCLUSION

Preliminary experiment.al  results  suggest  that  LITA
can  be utilized  to measure  unsteady  temperature  fie}d
caused  by shock  waves  in watez  LITA  signal

ftequency can  be improved  by employing  picosecond
laser and  using  aeousto'optics  modulators  for
contro11ing  the  intensity and  position  oflaser  beam.
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Eig.1.0btaining  LITA
oi  probe  beam  frorn

 signal  from  the  scattering

the  fr ±nges  of  pump  beams.

ES

Eig.  2. 0ptical  set  up  for  LITA  experiment
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