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-_OFFICERS AND ADMINISTRATIVE COMMITTEE MEMBERS 

The following PGUE m e m b e r s  w e r e  recent ly  elected to  the Ad- 
minis t ra t ive Commit tee  for  a t e r m  of t h r e e  y e a r s :  

Wf Hans Jaffe William F. Konig 
Beckman 


-Other m e m b e r s  present ly  serving on the Adminis t ra t ive Com- 

riittce a r e :  


A. 14. Mei:zler, Chairman 0. E. Mattiat ,  T rans .  Edi tor  
R .  S. Woollett, V ice -cha i rman  J. J. G. McCue 
Arthur  Rothhart ,  Secy - Treas .  R. L .  Rod 
W.  J .  F r y  	 R.  N. Thurston 

CALI, FOR PAPERS - 1963 IEEE INTERNATIONAL CONVENTION 

The PGUE will sponsor  two ses s ions  in  the 1963 l E E E  Inter-  
national Convention, March 25-28, to be held i n  New York City. A 
yenera1 call  for  pape r s  i s  extended a t  this  t ime. P a p e r s  on all 
i \ ?ec t s  of ul t rasonics  engineering, submitted by m e m b e r s  o r  non- 
n;embcrs of the IEEE a r e  welcome. A prospect ive author  mus t  

ni t ,  p repa red  in  t r ipl icate ,  a 100-word abs t r ac t  and a 500-word 
niary. Indicate in the covering l e t t e r  that  t he  paper  i s  intended 

f o r  presentation in  one of the se s s ions  sponsored by the PGUE. All  
-naterial  should be sent  to: 

Dr. Donald B. Sinclair ,  Chairman 
1963 Technical P r o g r a m  Commit tee  
The Insti tute of Radio Engineers ,  Inc. 
1 Eas t  79th S t r ee t  
New York 21, New York. 

The deadline for submitt ing pape r s  in  r e sponse  t o  the gene ra l  
call  i s  October 19, 1962. 

r
In the event that  the p rogram i s  not f i l led by pape r s  submitted in  

response to  the gene ra l  cal l ,  i t  may be possible  t o  have a paper  in- 
d in the p rogram even though the abs t r ac t  and s u m m a r y  a r e  not 
' by the deadline date of October 19. If a n  abs t r ac t  and sum- 

n,,. y  can be p repa red  by December 1, then i t  may be possible  to  
L v e  the paper  scheduled by contacting direct ly  the se s s ion  o rgan ize r  
and discussing the ma t t e r  with him. The se s s ion  o rgan ize r  fo r  the 
FGUE is :  

Mr. Ralph S .  Woollett 
United States  Navy Underwater Sound Laboratory 
New London, Connecticut. 

The activity and effectiveness of the  PGUE depend to a l a r g e  ex- 
##&on the quantity and quality of the pape r s  submit ted a t  s e s s ions  
spc.-riored by our  professional  group. The PGUE Adminis t ra t ive 
Committee would l ike to  encourage increased participation in  the 
d roup ' s  technical meet ings and in  this connection invi tes  a l l  m e m b e r s  
(and non-members )  who a r e  doing r e s e a r c h  o r  development work i n  
the various a r e a s  of ult rasonics  engineering t o  r epor t  their  r e su l t s  

i p e r s  presented a t  PGUE ses s ions .  

1962 ULTRASONICS SYMPOSIUM 
 I 

NOVEMBER . . -. --.. 28-29-30 

HORACE MANN AUDITORIUM 

BROADWAY & 120TH STREET - NEW YORK CITY 

Host - Columbia University School of Engineering and Applirfi Science ~- __--. 	 . 

Included in  this  Newslet ter  i s  a complete  p rogram of the 1462 
Ultrasonics  Symposium. In addition to the technical s e s s ions .  :he 
commit tee  has  a r r anged  for  a Social  Hour and Banquet to be ha Id at  
the Columbia University Faculty Club on Thursday evening, Novem- 
be r  29th. Speaker  will be Dr. Winthrop N. Kellogg. 

Because the banquet i s  on the second day of t h e  Symposiun , i t  
will be  advisable  t o  r eg i s t e r  i n  advance in o r d e r  to  be a s s u r e d  of a 
ticket. See  the detailed notice on the l a s t  page of this News:etter.  

SYMPOSIUM COMMITTEE 

J. E. May, J r .  General  Chai r m a  n 
A. H. Meitzler V ice -cha i rman  
W.  F.Konig, Jr. A r range rnent s 
A .  Rothbart  	 Publicity and Finance 
R. N. Thurston Technical P r o g r a m  Cha i rman  

S. E. Jacke 
W. F. Konig, Jr. Technical P r o g r a m  Commit ter  
J. E. May, J r .  
A. H. Meitzler 

CA L EN DA R 

WEDNESDAY, NOVEMBER 28 

9 : O O  a. rn. REGISTRATION ( F e e  $3.00) 
1O:OO a. m. Session A: "Ultrasonic-Optic Devices a n d  Phenomena" 

Invited Pape r s :  Hiedemann; Kiis;  Haneman. I l o r n -
bostel;  Small ;  Konig, I .amhi-r t ;  A r m  

Contributed P a p e r s :  Cook; Jacobs; B e r g e r ,  Collis .  
2:OO p. m. 	Session B: "Industrial  and Biological Ultrasonics '  


Invited Pape r  : van d e r  Burgt and p l j l s .  

Contributed Pape r s  : Be r l  inc ou r t ; Ba 1amut h ; 1.it s i  o s , 


Cottell ,  Kirs ten;  Reid; Z inssc r .  
THURSDAY, NOVEMBER 29 

10: a . m .  	 Session C: "Ultrasonic Delay 1ines and T r a n s r l t . r t . r s "  
Invited Pape r :  Tehon. 
Contributed Pape r s :  Thaxton; Gal l igher;  F o s t e r ;  Onoe; 

T ie r s t en ;  P e r r y ;  Ramamourthy;  

Rote;  Ger son ;  Peterson.  


2:OO D.. m * Session D: "Ultrasonic Waves in  Solids" 

Invited P a p e r s  Bommel;  Dransfeld; Tucke r ,  Jacobs t  :, 
Contributed Pape r s :  Bernstein;  de Klerk;  Bolef. Eolef,  

d e  Klcrk.  
6:OO p.m. Social Hour 
7:OO p. rn. Banquet (Fee  $5.00) "Porpoise  and Sonar"  

Speaker:  Dr.  Winthrop N. Kellogg. 
FRIDAY, NOVEMBER 30 

1O:OO a.m.  	 Session E: "Magnetoelastic Interact ions i n  Solids" 

Invited Pape r s :  Seavey; LeCraw;  Denton, Spencer .  
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OFFICERS AND ADMINISTRATIVE COMMITTEE MEMBERS 

The following PGUE m e m b e r s  w e r e  recent ly  e lected to  the Ad- 
minis t ra t ive Commi t t ee  for a t e r m  of t h r e e  y e a r s :  

Rudolf Bec kman  Hans Jaffe Wil l iam F. Konig 

Other m e m b e r s  present ly  se rv ing  on the Adminis t ra t ive Com-  
mit tee  a r e :  

A. H. Meitzler ,  Cha i rman  0. E. Mattiat ,  T rans .  Edi tor  
R .  S .  Woollett, V ice -cha i rman  J. J. G. McCue 
Arthur  Rothbart ,  Secy-Treas .  H. L. Rod 
W.  J. F r y  	 R.  N. Thurs ton  

CALI, FOR PAPERS - 1963 I E E E  INTERNATIONAL CONVENTION 

The PGUE will  sponsor  two s e s s i o n s  i n  the  1963 I E E E  Inter-  
national Convention, March  25-28, t o  b e  held in  New York City.  A 
gene ra l  cal l  for  pape r s  i s  extended a t  t h i s  t ime.  P a p e r s  on a l l  
a spec t s  of u l t r a son ic s  engineer ing,  submit ted by m e m b e r s  o r  non- . 

.ibers of the I E E E  a r e  welcome.  A prospect ive author  mus t  
.it, p r epa red  i n  t r ipl icate ,  a 100-word a b s t r a c t  and a 500-word 

summary .  Indicate i n  the  covering l e t t e r  that  t he  paper  is  intended 
for  presentat ion i n  one of the s e s s i o n s  sponsored by the PGUE. All  
ma te r i a l  should b e  sent  to:  

Dr.  Donald B. Sinclair ,  Cha i rman  
1963 Technical  P r o g r a m  Commit tee  
The Insti tute of Radio Engineers ,  Inc. 
1 Eas t  79th S t r ee t  
New York 21, New York. 

The deadline for  submitt ing pape r s  i n  r e sponse  to t he  gene ra l  
cai l  i s  October 19, 1962. 

In the event that  t he  p r o g r a m  is not f i l led by pape r s  submit ted i n  
r e sponse  to the gene ra l  ca l l ,  i t  may b e  possible  to  have a paper  i n -  
cluded in  the p r o g r a m  even though the  a b s t r a c t  and s u m m a r y  a r e  not 
ready by the deadline date  of October  19. If a n  a b s t r a c t  and sum-
m a r y  can be p r e p a r e d  by December  1,  t hen  it may  be possible  t o  
have the paper  scheduled by contacting direct ly  the se s s ion  o rgan ize r  
and discussing the ma t t e r  with him. The se s s ion  o rgan ize r  f o r  t he  
K U E  i s :  

M r .  Ralph S .  Woollett 
United States  Navy Underwater  Sound Laboratory 
New London, Connecticut.  

The activity and effect iveness  of t he  PGUE depend to  a l a r g e  ex-  
tent  upon the quantity and quality of t he  pape r s  submit ted a t  s e s s i o n s  
sponsored by o u r  professional  group. T h e  PGUE Adminis t ra t ive 
Commit tee  would l ike t o  encourage inc reased  par t ic ipat ion i n  the 
g-oup's technical meet ings and i n  th i s  connection invi tes  a l l  m e m b e r s  
(and non-members )  who a r e  doing r e s e a r c h  or development w o r k  i n  
t' .arious a r e a s  of ul t rasonics  engineer ing t o  r e p o r t  their  r e s u l t s  

pe r s  presented a t  PGUE ses s ions .  

1962 ULTRASONICS SYMPOSIUM 

NOVEMBER 28-29-30 


HORACE MANN AUDITORIUM 

BROADWAY & l2OTH S T R E E T  - NEW-.YORK CITY 


Host - Columbia University School of Engineer inf ind Applied Scir-ice 

Included in  this  Newslet ter  i s  a complete  p rogram of the 1962 
Ultrasonics  Symposium. In addition to the technical s e s s ions ,  the 
commi t t ee  has  a r r anged  for a Social  Hour and Banquet to  be held at 
the Columbia University Facul ty  Club on Thursday evening, Novem- 
b e r  29th. Speaker  will be Dr.  Winthrop N. Kellogg. 

Because the banquet i s  on  the  second day of t he  Syrnposiurn;'it 
will  be  advisable  t o  r e g i s t e r  i n  advance i n  o r d e r  to  be a s s u r e d  of iz 

ticket. See  the detailed notice o n  the l a s t  page of this Newslet ter .  

SYMPOSIUM COMMITTEE 

J. E. May, J r .  General  Cha i rman  
A. H.Meitzler  V ice -cha i rman  
W .  F. Konig, Jr. Ar rangemen t s  
A. Rothbart  	 Publicity and Finance 
R .  N. Thurston Technical P r o g r a m  Cha i rman  

S. E. Jacke 
W. F. Konig, Jr .  Technical 	P r o g r a m  Commit tee  
J. E. May, J r .  
A. H. Meitzler  

CALENDAR 

WEDNESDAY, NOVEMBER 28 

9:OO a .m.  REGISTRATION ( F e e  $3 .00 )  
1O:OO a.m. Session A: "Ultrasonic-Optic Devices and Phenomena" 

Invited P a p e r s :  Hiedemann; Kiis,  Haneman. I i o r n -
bostel ,  Small ;  Konig; L a m b e r t ,  /.rrn, 

Contributed Pape r s :  Cook, Jacobs; B e r g e r ;  Collis .  
2:OO p. m.  	Session B: "Industrial  and Biological Ultrasonics"  


Invited Pape r :  van d e r  Burgt and pljls. 

Contributed Pape r s :  Berl incourt ;  Balamuth; L i t s io s .  


Cottell ;  K i r s t en ;  Reid; Z insse r .  
THURSDAY, NOVEMBER 29 

10: a . m .  	 Session C: "Ultrasonic Delay Lines and Transduce r s  

Invited Pape r :  Tehon. 

Contributed Pape r s :  Thaxton; Gal l ipher;  F o s t e r ,  Onor.  


T i e r s t e n ;  P e r r y ,  Ramamoor:hy; 
Rote;  Ger son ,  Pe te r son .  

2 : O O  p. m. 	Sess ion  D: "Ultrasonic Waves in  Solids" 
Invited Pape r s :  Bomrnel;  Dransfeld;  Tucke r ;  Jacdhsen. 
Contributed Pape r s :  Be rns t e in ;  de  Kle rk ;  Boief; Boief .  

de  Klerk.  
6:00 p. m. Social  Hour 

7:OO p. m. Banquet ( F e e  $5.00)  "Porpo i se  and Sonar"  


Speaker:  Dr.  Winthrop N. Kellogg. 
FRIDAY, NOVEMBER 30 

1O:OO a . m .  	Session E: "Magnetoelastic Interact ions i n  Solids" 

Invited Pape r s :  Seavey;  LeCraw; Denton, Spencr  . 
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2 . 0 0  p. m. 

SESSION A "Ultrasonic-Optic Uev1cr.s I nd Phenumrna" Wednesday 
Morning. November 28th, a t  1O:OO a.  m .  Chairman:  
Lawrence  H. O'Neill .  

Invited P a p e r s  __ 
Al .  Optical Effects  of Ultrasonic  Waves,  E. A. Hiedemann,  Depart-  
ment of Physics  and Astronomy,  Michigan State  University,  Eas t  
1,ansing. Michigan. (45 minutes)  

Light diffraction by ul t rasonic  waves  i n  l iquids.  wide and narrow 
light beams. Geomet r i c  optical  theory.  Experimental  s tudies  of the 
light intensity dis t r ibut ion ove r  the diffraction o r d e r s  showed the  
significant p a r a m e t e r s  used i n  the  physical-optical  theory of Raman 
and Nath; phase modulation instead of ampli tude modulation of e m e r g -  
ing wave-front  of light. Doppler effect of moving grat ings.  Modula-
tion of light. Dependence on standing wave rat io . .  Some  applications 
of t he  diffraction effects.  Simultaneous diffraction. Non-sinusoidal 
waves and the  two diffraction phenomena. Finding the  waveform of 
finite- amplitud e wave 6 .  

Limited range of validity of Raaan-Na th  theory and different 
approaches for a m o r e  gene ra l  theory.  

Light diffract ion by ul t rasonic  waves in  sol ids .  L ine  spec t r a  and 
point pat terns .  Resonance and forced vibrat ions.  Birefr ingence.  
Photo-elastic analysis .  Mue l l e r ' s  theory and the  determinat ion of 
the rat io  of photo-elast ic  constants .  Light modulation. Simultaneous 
diffraction. Secondary in t e r f e rence  pa t t e rns  i n  the F r e s n e l  region. 
Visibility methods f o r  p r o g r e s s i v e  and s ta t ionary ul t rasonic  waves 
i n  t r anspa ren t  l iquids and sol ids .  

Special  s ch l i e ren  methods f o r  ul t rasonic  grat ings.  Focus  pa t t e rn  
of a n  ul t rasonic  lens.  B e a m  pa t t e rn  of t r a n s d u c e r s .  

A2. A High-frequency Ultrasonic  Spec t rum Analyzer ,  A. Kiis ,  F. C. 
Haneman, D. Hornbostel ,  and B. Smal l ,  A i rbo rne  Instruments  Lab., 
Division of Cu t t e r -Hammer ,  Incorporated.  (30 minutes)  

A spec t rum ana lyze r  w a s  developed that  provides  a frequency 
resolut ion varying f r o m  20 t o  60 kc over  the  10 t o  16 Mc operating 
range. The ana lyze r  used u l t r a son ic  and optical  techniques t o  a c -  
complish the sepa ra t ion  and display of t he  s ignal  f requencies  to b e  
analyzed. The  e l ec t r i ca l  ene rgy  w a s  converted to  sonic  energy i n  a 
wa te r  medium by a qua r t z  t r ansduce r .  T h i s  ene rgy  w a s  diffracted by 
a n  echelon reflecting diffract ion grat ing and then focused by a focus-
ing ref lector .  The display w a s  obtained using a sch l i e ren  readout  
system. Collimated light i s  t r ansmi t t ed  through the  region containing 
the focused sonic energy that is dis t r ibuted i n  space  a s  a function of 
frequency, The light i s  diffracted a t  t h e  posi t ions where  the  sonic 
energy is  p resen t .  Th i s  diffracted light i s  u sed  to  f o r m  an image  of 
t he  focused sonic energy thereby providing a self contained display. 

A3. Electro-opt ical  Spec t rum Analyzers  and C o r r e l a t o r s  Employing 
Ultrasonic Delay L ines ,  Louis  B. L a m b e r t ,  Moses A r m ,  and Wil l iam 
F. Konig, Jr. , Columbia University School of Engineering, Electron-
i c s  Resea rch  Labora to r i e s ,  New York 27, New York. 

A t r anspa ren t  ul t rasonic  delay l ine is employed t o  instantaneously 
convert  a n  e l ec t r i ca l  input signal to  a proport ional  spat ia l  pa t t e rn  i n  
the fo rm of a t ravel ing p r e s s u r e  wave. Th i s  r e su l t s  in  a co r re spond-
ing change i n  the index of r e f r ac t ion  of the delay medium. By i l lumi-  
nating the delay l ine (light modulator)  with par t ia l ly  coherent  l ight,  

-
the  signal information i s  t r a n s f e r r e d  to the  l ight c a r r i e r  i n  the f o r m  
of a spat ia l  var ia t ion in phase  and amplitude.  A diffraction l imited 

, 
a1 configuration i s  then employed to  obtain the F o u r i e r  t r a n s f o r m  
A r u m )  of t he  input s ignal  a s  a dis t r ibut ion of l ight ampli tude i n  

the focal plane of a lens .  C r o s s  co r re l a t ion  is obtained by extending 
the optical  configuration and including a diffraction grat ing fo r  a s e c -
ond ul t rasonic  delay l ine l ight modulator.  T h e  spat ia l  dis t r ibut ion 

of 3,iatpiit lip,!tt intensity I S  rit-tectr'l I.,< ,* 5 ' , i t , i ' , l '  pt >t<,5cnsitc,r 1 , - i ,, 


v i t l r  A I I  (.lei 1 T I ,  A I  m~tputi ignh l  whir h 3 5 prop<.'-l 

i , o i i s  p < n ~ t ' rspr.i t r u n - o r  t h e  maRnit , l [ l r -sr i l iarer ;  

c ~ 1 , s ~  t t n r ,  of the i r i p z i t 
correiaticjri ( $ i n #  signal.  

Typic.il optir-a1 configuratjiins a re  preseriiP(1, f i  :'st f q r  rl 

analy7.er d n d  then f i , r  a c r o s s  corrr l ;9tor .  I.tne.rrity nnd t i r i v  

st ra int8 on the ul t rasonic  delay linv 11ght rrio+,>lator a r e  intrr,cinc 
and interpreted i n  t e r m s  of the niaximurn input signal an7plitude t .  , L  

r a n  he used. The r a t io  of the m a x i m u m  t o  the n,inimirm input s i y  4 ;  

ampli tudes that can  be p rocessed  (the inherent  display range)  is t I .'n 
obtained by consider ing the deter t ion cha rac t e r i s t i c s  of the  photo- 
sensi tor .  The  light Rource power required to  i l luminate the llght 
modulator i s  then determined a8 a function of the inherent  dlsplay 
range that i s  des i r ed .  Additional light sou rce  p a r a m e t e r s ,  relate, :  t o  
the t empora l  and spat ia l  coherence that 1s required,  a r e  djscusser  . 
Limitat ions on the inherent  display range that can be obtained by < ,i-
l imating ce r t a in  noncoherent light sou rces  a r e  presented.  Optica 
m a s e r  ( l a s e r )  cha rac t e r i s t i c s  a r e  reviewed and it i s  shown that ').I 

the pulse  ruby l a s e r  and the  continuous-wave g a s  l a s e r  a r e  capabl of 
significantly extending the  inherent display range. The power lev. 
and the  t empora l  and spat ia l  coherence cha rac t e r i s t i c s  that  a r e  ty. , i-  
cal ly  required from t h e  l a s e r  a r e  discussed.  Typical experiment  
r e su l t s  will a l s o  be presented.  

Contributed Pape r s  (20 minutes)  .- _I__~__ 

A4. Determinat ion of Ultrasonic Waveforms by Optical Methods, ] , i l l  
D. Cook, Department  of Physics  and Astronomy,  Michigan State I. ni-,. , 
Eas t  Lansing, Michigan. 

Recently,  s e v e r a l  optical  methods have been developed t o  de t e r -
mine ul t rasonic  wavefo rms ,  par t icular ly  those waveforms pror>uced 
by finite ampli tude dis tor t ion.  A review of the basic  pr inciples  i n -  
volved i n  these  methods will be given. Emphasis  will be placed s r  the 
one method which gives the  mos t  d i r ec t  determinat ion of thr  shape of 
t he  wave. (This work  w a s  supportec' by the U .  S .  Army Resea rch  
Office, Durham).  

A5. An  Investigation of the Limitat ions to  the Maximum Attainable 
Sensit ivity i n  Acoust ical  Image Conver t e r s ,  J. E. Jacobs,  Deparr-  
ment of E lec t r i ca l  Engineering, Northwestern University,  Evanstr  n ,  
I l l inois,  H. B e r g e r ,  Argonne National Laboratory,  Argonne, I l i i r  IS, 
and W .  A. Coll is ,  Depa r tmen t  of Electr ical  Engineering, ?Jorthwr . t e rn  
University,  Evanston. Illinois. 

The acoust ical  Image Conver t e r ,  whose operation i s  based i ip-n  
the modulation of secondary e l ec t ron  emiss ion  by a n  image  excited 
piezoelectr ic  plate ,  has  been extensively investigated with r ega rd  t o  
its max imum obtainable sensit ivity.  It has  been s ta ted that the maxi-  
m u m  sensit ivity is l imited by the value of noise voltages produced by 
the load impedance of t he  input c i rcui t .  The l imit in  sensi t ivi  
mined by these  considerat ions is in  the o rde r  of 10-' wat t s / cm ' ,U~:~~f -
ever ,  m e a s u r e d  pe r fo rmance  i s  reported to  be i n  the o rde r  of lo- .  
wa t t s / cm2 .  Investigations a s  t o  the exact rrLecharusm of l imiting +en- 
si t ivity have been c a r r i e d  out i n  tubes in  which the modtilaten secondary 
emis s ion  b e a m  is amplified by means  of a n  electror.  molt ipl ier .  T k s  
mode of operat ion of the  tube r emoves  the l imitat ion imposed b y  t he  
load impedance of the input c i r cu i t s .  Using tubes of this  configuratio2 
one would expect improvemen t s  in  the o r d e r  of some  100 t imes  in 
abil i ty t o  detect  acoust ical  energy;  however ,  this i s  found not to  be the 
c a s e ,  Through t h e  u s e  of mult i -e lement  t a r g e t s ,  the minimum poten- 
t ia l  different ia l  on the  t a r g e t  that  may be detected by a change in 
secondary emis s ion  due to  a scanning b e a m  i s  found t o  be in the o r  i e r  
of 50 mill ivolts.  This  value of potential  is  approximately that pro< :ced 
by the commonly used  t a rge t  plates  when subjected to  fields in  the 
o r d e r  of lo-' wa t t s / cm2 .  The u s e  of t he  electron mult ipl ier  Imag 
Conver t e r  does  contr ibute  to  the  pe r fo rmance  of t he  image  systen-  is 
a whole s ince  i t  g rea t ly  s implif ies  t he  shielding problem encounte: %t i  
when using continuous wave excitation of the ul t rasound field. C i r  I - 


sonograms  i l lustrat ing pe r fo rmance  of the tubes will be shown. 

Th i s  w o r k  supported in p a r t  through N .  I. H.  Contract  GM-08522- 

02 and AEC Contract ,  31-109-38-1497. 
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Invited I 'aper (30 minutes)- - __.. - -

RI. Motional Pos i t ive  Feedback SVsterrls f o r  Ultrasoiuc Power 'Sen- 
e r a t o r s ,  c. M. Vdli  derRi i rg t ,  Philips Research  1,abs.  , Eindhoven, 
Netherlands,  and l i .  S .  J. I? j ls ,  N. v. Phi l ips '  ~ ~ o e ~ l a m p e n f a b r l e -  

n ,  Eindhoven, Netherlands.  

The pos t -war  advance of u l t rasonics  in indus t ry  ra i sed  the prob-  
lem of how to  combine a high-power e lec t ronic  genera tor  with an  
electroacoiist ic t r ansduce r  s y s t e m  i n  o r d e r  t o  keep  t h e  e lec t roacous-  
t ic  efficiency a t  the  highest  poss ib le  level in  the p re sence  of a va ry -  
lng acoustic load. Neither single-tube gene ra to r s  with one or 
another c l a s s i ca l  fo rm of posit ive feedback, nor  mul t i - s tage  gene ra -  
t o r s  excited by a va r i ab le  l.C o r  RC osci l la tor .  meet  the  r equ i r e -  
ments.  Since the  open-c i rcu i t  and shor t - c i r cu i t  natural  f requencies  
of a t r ansduce r  may vary  rapidly within wide l imi t s  under normal  
operating conditions,  means  should be provided f o r  automatically 
and instantaneously acijusting the operating f requency ,  Motional 
posit ive feedback s y s t e m s  provide th i s ,  because  the  amplitude and 
the  phase of the feedback voltage o r  cu r ren t  continuously r ep resen t  a 
t r u e  p ic ture  of a motional va r i ab le  (deformation, acce le ra t ion .  e tc .  ) 
Numeroils acous t ica l  types of motional feedback, e. g. p iezoe lec t r ic  
pickups, have been proposed and a r e  o r  have been  used. In a l l  
these  types the e l ec t r i c  feedback va r i ab le  i s  obtained through a sep -  
a r a t e  conversion of an  acous t ica l  var iab le .  However,  s eve ra l  purely 
e l ec t r i ca l  types of motional posit ive feedback exis t ,  i n  which the u s e  
of only electr ical  e lements  provides the  motional feedback signal. 
A survey  of both c l a s s e s  will  be presented. 

Contributed P a p e r s  (20 minutes )  

B2. Pou e r  Limi ta t ions  of P iezoe lec t r ic  C e r a m i c s  i n  Radiating T r a n s -  
duce r s ,  Don Ber l incour t ,  E lec t ronic  Resea rch  Division, Clevite 
Corpora:ion, Cleveland, Ohio. 

Two commer ica l  lead t i tanate  z i rconate  compositions,  P Z T - 4  
and PZT-5 ,  and two bar ium t i tanate  composi t ions ,  commerc ia l  
Ceramic  B (a  ba r ium ca lc ium t i tanate) ,  and the  composition 80 w% 
bar ium ti tanate,  12 w% lead  t i tanate ,  8w% ca lc ium ti tanate,  a r e  com-  
7 - -ed with r ega rd  to  their  power handling capac i t ies  i n  sonar - type  

sducers .  These  compar isons  a r e  made with r ega rd  to efficiency 
dissipated power and mechanical strength.  P Z T - 4  i s  found to  be 
supe r io r  to the  o ther  compositions,  and bes t  r e su l t s  a r e  obtained 
using the para l le l  mode. A proper ly  or ien ted  b ias  compress ive  s t r e s s  
must be  used  i n  o r d e r  fully t o  ut i l ize  the  high e l ec t r i c  energy  dens i -  
t ies available wi th  PZT-4. It i s  quite likely that  m o r e  power is d i s -
sipated 2 s  a re su l t  of mechanoacoustic l o s s e s  not a t t r igu tab le  to  the 
ce ramic  than as a r e s u l t  of d i e l ec t r i c  l o s s e s  in  PZT-4 .  Mechanical 
losses  in  PZT-4  and the  two b a r i u m  t i tanate  composi t ions ,  even a t  
high dynamic s t r e s s  levels ,  a r e  quite negligible in  well  loaded t r a n s -  
ducers .  

B3. The High Speed Ul t rasonic  Rotor ,  a New Mechanical Rotary Dr ive  
Pr inc ip le ,  Dr.  Lewis  Balamuth, Cavi t ron  Ul t rasonics ,  Incorpora ted ,  
51-02 21-t  S t r ee t ,  Long Island City 1 ,  New York. 

Dr. Ralamuth will  d i scuss  a means  fo r  producing high speed 
ro ta ry  motion by the use  of u l t rasonic  v ibra t ions .  The novelty of the 
method l i e s  in the fact  that  no a i r  o r  wa te r  tu rb ine  i s  used. High 
frequency longitudinal v ibra tory  motion is used  to  produce ro t a ry  
motion direct ly ,  without the u s e  of complex bea r ings  o r  tu rb ines .  
Problems of wea r  and s t r a i n  a r e  thus grea t ly  reduced. In addition, 
the high-pitched whine assoc ia ted  with the  a i r - tu rb ine  type of d r i l l  
i s  eliminated. This  is of g r e a t  impor tance  i n  the  application of the 
p rocess  to  dent is t ry .  

Basically,  the technique used  cons i s t s  in producing high frequency 
ell iptical  mechanical v ibra t ions  ; the s e  v ibra t ions  a r e  applied tang enti  -
ally to  a shaft, which i s  thus caused  t o  rotate .  The ell iptical  v ib ra -  
tions a r e  produced a s  follows: if mechanical v ibra t ions  a r e  impar t ed  
to a tool which 1s asymmet r i ca l  about the a x i s  of v ibra t ions ,  the  i m -  
balance in the m a s s  d is t r ibu t ion  s e t s  up a component of v ibra t ion  
perpendic i l a r  t o  that ax i s ;  the  combination of t hese  two types  of vi-
br  c rea t e s  the  ell iptical  motion of the  tool. The shaft  t o  be 
r ,d i s  i n se r t ed  in  a hole in the  ell iptically vibrating tool ;  one can  
sea that  contact between the  shaf t  and the hole  will  be at one point, 
and that fo rce  will  he applied to the shaft tangentially causing i t  to 
rotate .  The en t i r e  t r ansduce r  a s sembly  i s  buil t  into a handpiece f o r  

ease  ot maniprilstion. 

1\4. Industrial  Applications of Cia%Jet Sonic Genera to r s ,  John I J  4 1 0 6  

Soni r r  t'roducts Lahordtory ,  Kea rfott Division, Genera l  Precls i , .n ,  
Incorporated,  1150 MrHride A.r?nue, 1,ittle F a l l a ,  New Je r sey  

W i t h  the developrrient of improved gas  je t ,  high intensity,  L C  

,irid iiltr.iuonic gene ra t ( i r s ,  the application of a i rbo rne  pionic encrL:.,, 
to industrial  p rocesses  has become economically feasible.  Outp,.ts 
of 150 watts of acoustic power a r e  obtained with je t  gene ra to r s  d iven 
with 2 2  psig a i r  and a flow of 15 Rcfm operating at  a frequency or 
10. 0 0 0  cps.  Sound p r e s s u r e  levels  of 150 db a r e  measu red  10 in< hes 
f r o m  the  sonic genera tor .  The gene ra to r ,  a resonant cavity whiEtle, 
has no moving pa r t s ,  resu l t ing  in a unit that  r equ i r e s  very  low m a i n -
tenance. It can  be opera ted  by gases  o ther  than a i r ,  a s  well  a s  b i  
dry  s team.  A major  industr ia l  application of sonic gene ra to r s  i s  the 
des t ruc t ion  o r  stabil ization of ind desirable foam. By mounting thc 
sonic gene ra to r s  in spec ia l  defoaming tubes,  high volumes of foarr, 
can  be destroyed without the  need of chemica l  additives.  The hlg ti 

intensity sonic energy rup tu res  the bubble wal l s ,  re leas ing  the t r  tpped 
gases  which a r e  then vented off and the liquid contents recovered .  
Industrial  p rocesses  such  a s  pharmaccut ica l  fe rmenta t ion ,  paper pvlp 
manufacturing, and gas  s t r ipp ing  a r e  a l l  plagued with high foam g m -
era t ion  as a n  undes i rab le  by-product which can now be  econcmrcaily 
destroyed by the use  of sonic energy. 

B5. Development in Liquid Whistles and Assoc ia ted  Sys tems.  E. ,. 
Cottell ,  Sonic Engineering Corpora t ion ,  Norwalk, Connecticut..' 

Development by the wr i t e r  and his co-worker  over  the  past fe .& 
y e a r s  has  been d i rec ted  towards  higher acoustic energy and more in-
t ense  cavitation effects.  The  most  impor tan t  single d iscovery  wa - the 
effect  of back p r e s s u r e  in t h e  chamber  when using high velocity je ts  
to d r ive  the  vibrating element.  If was  found that heavier  vibrating 
e lements  than had been used  hitherto could be  sha t te red  in a finite 
length of t ime  which suggested a new method of fatigue testing in  a 
s t r eaming  environment.  The impor tance  of inflnitely adjustable jet 
t o  blade d is tance  i s  a l s o  reviewed. 

In s t ep  with improvements  of the whistle itself important advances 
have  been  made  in  the  a s soc ia t ed  equipment e.  g. pumps to  d r ive  
liquid whis t les  8nd methods of feeding to allow fo r  fully automatic in 
l ine p rocesses .  

B6. Effect of One Megacycle Ultrasound on Genetics of Mice,  Ed.*.,ird 
Kirs ten ,  Depar tment  of Urology, College of Physicians and Surgec i s .  
New York 32 ,  New York, John Reid, Department of Bioengineer i rg ,  
University of Pennsylvania,  Philadelphia,  Pennsylvania. and Hans H. 
Z insse r .  Department of Urology, College of Phys ic ians  and Surgeons,  
New York 32, New York. 

While u l t rasonic  radiation has  been  used  by the  physician in  both 

r e s e a r c h  and genera l  p rac t i ce ,  i t  has never  been shown that adve r se  

genetic effects will  not a r i s e  a f t e r  success ive  genera t ions .  A long 

t e r m  study dea ls  with the  controlled breeding of L a F  hybrid mice  

a f t e r  i r r ad ia t ion  with high intensity ultrasound. 


LaFl mice  between the ages  of 1-7 days w e r e  radiated a t  a f r e -  

quency of 1 megacycle f o r  a total  radiation t ime of 5 minutes.  Whole 

body radiation was admin i s t e red  both continuously ana in  pulses  a t  in- 

tensi t ies  ranging f r o m  1 /7 t o  4 wat t s  /cm2. 


Ult rasonic  burning and pa ra lys i s  w e r e  noted d i rec t ly  following 
radiation and appeared  ind iscr imina te ly  among the mice  radiated at  
one power level.  These  d i s o r d e r s  w e r e  found to be not only a fucc- 
tion of intensity but a l s o  dependent upon the  age  at  the  t ime of radiation. 
The unaffected mice  w e r e  b r e d  bro ther  x s i s t e r  for  s i x  l i t t e r s  with the 
ave rage  l i t t e r  s i z e  being comparable  with that of the cont ro l  group. 
Microscopic examination of the gonads show no result ing t i s sue  dan-age. 

The f i r s t  l i t t e r  offspring of the  radiated mice  w e r e  studied through 
5 genera t ions .  No genetic damage  was  noted e i ther  by d i r ec t  observa-  
tion or  by microscopic  examination of ovar ian  t issue.  

SESSION C "Ultrasonic Delay Lines  and Transduce r s "  Thursday 
Morning, November 29th, 1O:OO a. m . ,  Oska r  E. Matti :, 
Chai rman.  
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Invited Pape: (10 M ~ n ri r s )  .- ._- _ _  
C1. Development anrl !ipplic,ati<ui of 1hspet s i v e  U i t  1.33 , n i  1 ) e : a y  
L.ines, S. W. Tehon, Elect ronics I .almrdt<try,  <;<,ncr;il I.:!<,< t r i ,  Ct,. , 
Syraci ise ,  New York. 

.axirniim rada r  range cap.iLilities arc' l imited l q  avr'r , ige  t r a  11s-

mitted power;  resolution i s  rletermineri by pulse d i i r .< t ic>n.  With 
given resolution r equ i r emen t s ,  pulse  duration i~ fixwl . i i \ r i  r , inge is 
l imited by peak power.  R i l s e  r n m p r e s s i o n  systcirl-. ~ i t i l i z rIcing 
t ransmit ted pulses  and means for  compress ing  the <ltir,itiun o f  r e -
ceived pulses ,  to  achieve narrow-pulse  resolut ion witli l ong-p i l s e  
range capabili t ies.  A l i n e a r - F M  s y s t e m  requ i r e s  merins fc,r grner.1-
ting a l inear ly  f requency modulated t r ansmi t t ed  ptilse, an(1 ine r ins  [or  
c o m p r e s  sion. Components with compl ementary g roup-d elay z l  opes,  
o r  parabolic phase c h a r a c t e r i s t i c s ,  a r e  required.  Matclird nerworks 
fo r  these functions have been desc r ibed  in the l i t e r a tu re .  

This paper  i s  concerned with d i spe r s ive  ul t rasonic  delay l i nes  
f o r  linear-Fh.1 generat ion and con ip r r s s ion .  Selection of propagation 
modes will be  d i scussed ,  with pe r fo rmance  data fo r  l i n e s  operating 
a t  f requencies  up to  60 megacycles .  Design methods which take into 
aci-ount ph.tse velocity d i spe r s ion  in t r ansduce r s  will be outlined, and 
:.,mputert delay e r r o r s  for  l i nea r  applications will be presented.  
TJerniissihl? e r r o r s  will  be r:iscrissed, f o r  received s ignals  which 
have tinil-rgone Doppler shift  f r o m  moving t a rge t s .  F r o m  ana lys i s  
of f requency shift and computed delay e r r o r .  max imum compress ion  
rat ios  for  real izable  d i spe r s ive  delay linr.; will  be  der ived.  

Contributed 1% De r s ( 20 mi nut e s 

CZ. The "Depletion 1,ayer" Transduce r  a s  a F requency  Variable  U1 
t rasonic  Dr ive r ,  H. Mack Thaxton and 0. L. Gal l igher ,  Engelhard 
Industr ies ,  Incorporated,  A m e r s i l  Quar t z  Division, Hillside,  New 
J e r s e y ,  and Engelhard Hanovia,  Incorporated,  Hanovia L a m p  Div.,  
Newark, New Je r sey .  

The use  of t r a n s d u c e r s  of va r ious  types,  f o r  t he  propagation of 
ii!trasonics, including qua r t z  c r y s t a l s ,  c e r a m i c ,  f e r r i t e s ,  e tc . ,  r e -

the dismantling of the s y s t e m  fo r  each dr iving frequency,  o r  
th'. .ostitution of another  s y s t e m  with the r equ i r ed  t r ansduce r  d r i v e r .  
In e i the r  c a s e ,  t he  p r o c e s s  i s  costly.  In the frequency r ange  f r o m  5 
t o  . o O  megac.jcles p e r  second,  t he  "depletion l a y e r "  t r ansduce r  has  
been c s e d  t o r  the  pu rpose  of changing the  driving frequency.  A 
mmthematical method has  been developed for  the calculation of the 
bias voltage to be applied t o  a gal l ium a r s e n i d e  type t r ansduce r ,  fo r  
ex.imple, s zch  that  the dr iving frequency required may he  obtained. 
Theoret ical  analysis  of the p r o c e s s  i s  given and the  appropr i a t e  
n;atliematical r r la t ionships  a r e  der ived,  The  experimental  appl ica-  
tior. of the s y s t e m  and theory to the propagation of ul t rasonics  i n  
qt:;?rtz I S  given. A comparat ive analysis  of t he  r e sponse  c h a r a c t e r -  
i s t i c s  of this sys t e r r  v?ith o the r  u l t r a son ic  dr iving s y s t e m s  is a l s o  
given. 

qu 

C3.  The Diffusion Laye r  Ultrasonic  Transduce r ,  N. F. F o s t e r ,  Bel l  
Telephone I ,aborator ies ,  Inc . ,  Whippany, New Je r sey .  

The fabrication of t r a n s d u c e r s  with fundamental  resonant  f r e -  
quencies  above 100 m c / s  f r o m  insulating m a t e r i a l s  by the  conventional 
grinding techniques p re sen t s  considerable  difficulty due to  t h e  ex-
ir ' t rne t i i i nnes~required.  This  paper  d e s c r i b e s  new techniques which 
have ena5leri the construct ion of t r a n s d u c r r s  with resonant  f requen-  
z ies  wel: a l i o v e  100 m c l s  f r o m  piezoelectr ic  semiconductor  m a t e r i a l s  
u s : n g  re!rt!ively s imple p rocesses .  The design of this t r ansduce r  i s  
Eimilar t o  that  of the depletion l aye r  t r a n s d u c e r  of D. L. White and 
.c.nslsts cif -:highly concurt ive electrode region and a thin r e s i s t i ve  
; rc t ive  reziqn, the thickness  of which de te rmines  the t r a n s d u c e r ' s  
r e - onant frrqi:ency. The t r a n s d u c e r s  a r e  made  f r o m  highly conduc- 

, ii:;gle c rys t a l  cadmium sulphide and the thin ac t ive  region fo rmed  
is. riiffiising in copper  M hich compensa te s  the ma te r i a l  forming a r e -

v~ layer .  Short  delay l ines a r e  then made by bonding t h e s e  
-r lucrrs  onto each end o f  I- inch-long qua r t z  b a r s  and the  t r a n s -  

dllcr.r r h a r a c t e r i s t i c s  rletermined by hoth single ended (ref lect ion)  and 
o o  ended (s t ra ight  through)  m e a s u r e m e n t s .  T r a n s d u c e r s  with 
reb dnt f requencies  up to  150 m c / s  have been made with bandwidths 
of approxirriatcly 7 0 %  .<,htlr: tillied a t  each m e a s u r e m e n t  frequency and 
10% witii f ixed tuning. The in se r t ion  lo s s  of t hese  complete  delay l ines  
has been .I$ l o u  d s  30 db a t  1 7 5  m c / s .  Admit tance measu remen t s  

hnve ,,lsn h e n  nlace d w .  sh<tw th r  pr,.r',t,tir<e(! r f f e r t s of t i l e  . . f , 8 - l c 3  

rt .sist . ,nri .  i r i t r m j i i c  ed I,,,. !tie elct 'nr?n r r .gic ,n .  

i f  F r t , , { ! ~ ~ n ~ ,,f Firi'tt' i ' ic . ,~ ,e l r , t r i r  C i ' r , + r ? ~ : *~ . ' ~ h r ~ l o rI C >  

~ 1 1 1 .Higlt I , : l p i . t r , , ~ , , ~ r } i ~ r i ! ~. I !  Co'ipling, tAi~rionn')Px i ,  1 1 .  F. 7 , e r -

s t r n ,  P,r.ll 'I t , l r , p t i o r l r .  I dh f , r a lo r i t , s ,  f r i .  . , Wl~:pp!V,J Ni.w .Terse\.. 

Th? viijrati<)iiof t ransd\ i (  r r s  r r t ,+ , I+ ,  p; t '? .o* - i rc tric e r r tn . c  n RI 

1eri;iIh w i t h  hiRh r l rc t ronlcchani ,  :ii C ~ Ilplir~g d i f f e r s  corisirlpratrly frr.rr, 
that of geometr ical ly  s i rni iar ,  p ~ , r r l y  r > l a s t l <  :)u,lies. Rigorous a r . a l v -
s e s  a r e  av;iiI6ihle f o r  ilrlly ii few ',pecial c a s e s .  Thia paper  presents  
a n  approximatr  method fo r  the determination o f  the resonant f r e -  
quencies  of f inite,  str i>ngly pieaoeler t r i c ,  c e r a m i c  v ih ra to r s  of variorls 
shape5 a s  a f u n [  tion of t h r  ronfiguratir>r. ratio.  The method is a n  
extension of the roupling theory which (,iebe a n d  1:lrrhschmidt succc5j9-
fully .tpplied ir. the determinat ion of the f r e fpcnry  spectra  of f ini te  
purely e l a s t i c  h f l i e s .  One collpling rnecharusm 1 5  foi inr i  to he adequ. te  
for the following geomet r i e s :  a wide rectitngulnr plate,  ii thin s t r i p ,  

solir? cylinrlrr anrl ir thin cylindrical  shell .  T h r e e  roiipling n:erhbr 
i s m s  are required in thr. c a s e  of a parallelepiper!. The method enat, " ' 5  

s imple ,  ri)lick drterrnln;i!ion of the frecj1:ency spr . r?mrn fq r  H lirrlit. ,: 
niimher of 1iTitiichr.s with reasonable  acrurar-y.  It t * i r n s  oll t  that the  
frequency spec t r a  of piezoelrctr ic  c e r a m i c s  nra  r l y  ci,inrlrle with thr 
spectra  of geometr ical ly  s i m j l a r ,  purely i.l;istic, isotropic  hor i ies  I. i t  

the anisotropy and the  p i c ~ o e l e c t r i c  i n t r r ac t i r~n  \ r i o , i l r !  t>e t,iken ir.to 
account if e las t ic  (or  o the r )  constants  a r e  t o  k terrnlnecj from the .e 
spec t r a .  

C5. The Distributed Trnn,;rlucer - A Method of  Irnproving the Gain-  
Bandwidth Product  of Solid Ultrasonic Delay I , ines,  Rernhrd D. P e r  ni 

The Mitre  Corporat ion,  Bedford,  Ma.;sac husett-5. 

A ma jo r  disadvantage of solid u! t ra ionic  delay l ines  i s  their  l a rge  
inser t ion loss. In sho r t  l i nes  (500 p s  o r  l e s s )  this  l o s s  is  largely 
t r ansduce r  loss which, in tu rn ,  i s  a function of the electro-mechanical  
coupling coefficient of the ma te r i a l  and the " m t c h i n g "  of the  t r a n s -  
duce r  t o  the delay medium via a bonding substance.  

Assuming optimum bonding technique?,  t ransdi icrr  l o s s  can he 
reduced by inc reas ing  the t r ansduce r  a r e a  o r  using rnirteria: having .. 
high electro-mechanical  coupling coefficient.  Either t c c h n l q l e  r e -
sul ts  i n  a higher  t r ansduce r  capacity.  Thus for a giver. bancwirith, 
the vol tage gain ( inve r se  of l o s s )  will h e  unrhangeri .  An  :rnportant 
f igure-of-meri t  fo r  delay l i nes  i s  t he re fo re  t h e  "g;tin-bandwidtb 
product" (as f o r  wideband ampl i f i e r s ) .  

T o  improve  the  gain-bandwidth product ,  distributed am.plif:er 
techniques can  be adapted to  the t r ansduce r  problev..  Ir.stead of :or.e 
l a rge  t r ansduce r  s e v e r a l  s m a l l e r  ones a r e  11 and the1 r capacit ic,  
become the shunt e l emen t s  in a l umped-pa rame te r  riel;:. :]ne. Tkus 
the  cha rac t e r i s t i c  impedance of the lumped-pa rame te r  l i n e  re?:hces 
the l a r g e  single t r ansduce r  capacity a s  t he  input and octput i r p d a r c e  
of the device.  

A qua r t z  delay l ine 20 p s  long, operating be tween 37 Mc a n d  5 > 
Mc w a s  built with four input and output t r a r ~ s d u c e r s  cornecteri i n  this 
fashion. A 10 db improvement  i n  the gain-bandwidth produce was  
observed with no appa ren t  degradation in o t t e r  de lay  line c h r r a c t e r -  
is t ics .  

This  so-cal led dis t r ibuted t r ansduce r  technique can be exterdea 
t o  long ul t rasonic  delay l i nes  provided ce r t a in  compromises  a r e  ma;:-. 
Significant improvement  in  the gain-bandwidth product can, i t  i s  f e l t .  
s t i l l  b e  obtained. 

C6. A Class  of Digital Storage Schemes  f o r  High Frequency V.tra- 
sonic Delay Lines  with Known Peak  Resolvable J i t t e r ,  C. V. Rama-
moorthy,  Minneapolis Honeywell Regulator C o .  , Newton Highlands,  
Ma s sachu s et ts. 

A new generat ion of ul t rasonic  digital  delay l ines  using a t i m e -  
invariant  g l a s s  a s  a delay medium and c e r a m i c  o r  qua r t z  t r ansduce r  
i s  becoming increasingly important  a s  m e m o r i e s  f o r  commercia!  ZT: 
ae rospace  compute r s .  

Under s teady s t a t e  t empera tu re  conditions,  the peak j i t ter  oi an 
ul t rasonic  delay liiie i s  ve ry  sma l l .  I3iit the  major  r e s t r i c t ions  : n -
posed on the recording s y s t e m  a rc :  

4 



a. The succesnive  t rans i t ions  in the R I (or N R 7 )  wavef(,riiis 
must be at l ea s t  one nominat bit  t ime. Thi- -estrictic,r; , i mpcrarr' 
in par t icu lar  by the  reading and the writ ing : i r c u i t r ) .  

b. The peak reso lvable  j i t ter  in the u11,.asonii cielav line r e  
p i r  that the t rans i t ions  mudt occur  withi,i spec i f ied  i i i terval*.  

A mathematical  model i s  s e t  up which hnalyzes the problem of 
constructing the maximum number of 4istinc.t R Z  type waveforms 
under the above cons t ra in ts .  The enurnerati ng structrire indicates 
that the  number of dis t inct  wave fo rms  in a norninal k -  it interval of
t ime ( i . e . ,  	at maximum RZ bit r a t e )  i s  g r e a t e r  than 2 k ' .and is given 
by a r ecu r s ive  d i f fe rence  equation of the f o r m  gk:  gk- + g 
where c is a function of maximum peak rescilvable j i t t e r .  T k c c l a s s  
of waveforms specified by the solution of the equation a r e  studied. 

When the maximum j i t t e r  i s  sma l l  ( e .g . ,  < 3 3  1/341,) s chemes  can  
be derived such  that the  digital  s to rage  of the u l t rasonic  delay l ine 
can be  inc reased  by 50% without increas ing  the  frequency bandwidth. 
Or the  l ine can  be  made cons iderably  sho r t e r  (decreas ing  the  a c c e s s  
t ime)  to  s t o r e  the  s a m e  amount of information. 

The c l a s s  of waveforms suggested by this technique can  be  en -  
coded and decoded economically f o r  sma l l  k. The  prac t ica l  design 
of one such encoder -decoder  is given and dincussed. 

C7. High Frequency Die lec t r ic  P rope r t i e s  of Lead Titanate Zi rconate  
Ceramics ,  Donald M. Rote,  Wes te rn  Rese rve  University,  Rober t  
Gerson, and J a m e s  M. Pe te r son ,  Electronic Resea rch  Division, 
Clevite CcFporation. 

The  dielectr ic  constant and d iss ipa t ion  fac tor  of l ead  t i tanate  
i i r cona te  p iezoe lec t r ic  c e r a m i c  samples  w e r e  studied in the  f requen-  
- v  range  f r o m  500 t o  2000 megacycles .  The r e su l t s  showed a 25% 
reduction in dielectr ic  constant ( to about 8 0 0 )  which seemed  to  con- 
tinue above the f requency  range  studied and a r i s e  in  dissipation 
!actor to about 0.4 a t  2000 megacycles .  Cole-Cole plots indicated 
:he p re sence  of a s imple  re laxa t ion  spec t rum.  An a t tempt  i s  made  
:o explain these  r e su l t s  i n  t e r m s  of t he  following model:  The g ra ins  
.IT s- ' ivisions of g ra ins  into which the  sample  i s  divided ( a s  ind ica-  
t r d  i icrophotographs) a r e  t r ea t ed  a s  p iezoe lec t r ic  r e sona to r s  
oaded by a surrounding medium which is a c lose  acous t ic  match. 

Because of the  strong e lec t romechanica l  coupling i n  these  piezoelec- 
t r l c s ,  t he  e l ec t r i ca l  r e sponse  of the  r e sona to r s  i s  par t ly  de te rmined  
'7 t he i r  mechanical cha rac t e r i s t i c s .  It i s  shown that  the  radiation 
reaction of the  medium upon t h e s e  r e sona to r s  can  account fo r  a r i s e  
.n dissipation and a re laxa t ion  of that  component of the  d i e l ec t r i c  
constant assoc ia ted  with the mechanica l  motion of t he  r e sona to r .  

SESSION D "Ultrasonic Waves in  Solids" Thursday  Afternoon, 
November 29th, 2 : O O  p. rn. Chai rman:  W a r r e n  P. Mason 

Invited P a p e r s  (30 minutes)  

131. Microwave Ultrasonic Absorption in Solids I (Metals and Vitreous 
i i l i ca ) ,  H. E. Bommel,  University of California,  Los Angeles,  Calif. 

D2. Microwave Ul t rasonic  Absorption in  Solids I1 (Die lec t r ic  Crys t a l s  
and Fe r romagne t i c  Mate r i a l s ) ,  K. Dransfe ld ,  University of Calif . ,  
Serke ley , California.  

33. In te rac t ions  between Microwave Phonons and Elec t ron  Spins in 
Solids, E. B. Tucker ,  Genera l  E lec t r i c  Resea rch  Labora tory ,  
Schenectady, New York. 

D4. Anomalous Dispers ion  of Ultrasonic Waves by E lec t ron  Spins,  
E. H. Jacohsen, University of Roches te r ,  Roches te r ,  New York. 

The in te rac t ion  between paramagnet ic  a t o m s  and e l a s t i c  waves 
, t  microwave  f requencies  i s  d i scussed  in  t e r m s  of a total  Hamiltonian 
ompr is ing  sound f ie ld ,  in te rac t ion ,  and sp ins .  F r o m  th i s  Hamilto- 

-,Ian the  Heisenberg equations of motion are der ived  f o r  the a tomic  
i i sp lacements  and the  spin opera tors .  The  resu l t ing  se t  of coupled 
q u a '  - s  show that f o r  sound waves c lose  to  a paramagnet ic  r e son-  
rnct quency the  d is turbance  which propagates  is i n  real i ty  a mix-  
x r e  of e labt ic  and spin waves.  As expected the  velocity of propaga- 
:ion shows anomalous d ispers ion  rear resonance  in addition to  o ther  
>henomem such  a s  Raman sca t te r ing ,  ro ta ry  polarization, loss, and 

5

ampllflc aricin. 

C o r i t  - -_ riirutcd 	 F*dpers ( 2 0  minutes )-

I)$. U l t r d 5 o n i c  lnvrstigation of Physiral  P rope r t i e s  of Solids a t  Tern 
prrdti ir t  Y i n the 2000 (, Range, D. T. Hernstein,  Amerlcan-Standard 
l l p sea r rh  Ihvision, Union. New Je r sey .  

The use of u l t rasoni r  pulse-echo techniques i n  the  MC/nec range 

for  the study of e las t ic  nioduli, atomic relaxation phenomena, p rec i -  

pitation repctions and phase  d iagram de termina t ions  a t  t empera tu res  

in the 2000 C range  is  discussed .  It i s  shown that by suitable spec i -  

men design the effects of axial  and radial  t empera tu re  grad ien ts  are 

eliminated a s  well aa the  t r ans i t  time e r r o r  due to impedance m i s - 


matching between spec imen and t ransducer .  The resu l t s  of exper i -  

ments on polycrystall ine tungs ten]  a re  reviewed and pre l iminary  

resu l t s  fo r  single c rys t a l  tungsten spec imens  to  20OO'C presented .  

The exper imenta l  r e su l t s  a r e  d iscussed  in t e r m s  of the format ion  of 

suh-carb ide  phases  of tungsten a s  determJined f rom t ransmiss ion  

e lec t ron  microscopy and mechanical proper ty  mea si1 r emen t s .  


'B. T. Berns te in ,  J. Appl. Phys. $ 3 ,  2140 (1962). 

D6. Improved Hypersonic Techniqiieh dnri Some Attenuation Measure-  

ments in Quar tz  a t  Low Tempera tu res ,  J. de Klerk and D. I. Bolef, 

Westinghouse Resea rch  Labora to r i e s ,  Pit tsburgh, Pennsylvania. * 


Conventional pulsed su r face  excitation of qua r t z  in  the kilomega- 
cycle range  of f requencies  a lmos t  invariably p r d u c e s  nonexponen t&~~y  

decaying echo envelopes,  making rel iable  attenuation measu remen t s  
difficult This  difficulty can  frequently be r i e r c o m e  by the uae of con-
ventional t r ansduce r s  and by carefu l  bonding techniques.  This t r a n s -  
ducer  technique and some of the  methods of bonding will  be descr ibed .  

Methods of simultaneously generating compress iona l  and shea r  moue 
in  qua r t z  at hypersonic f requencies  have been developed and a p r e l i m -
inary investigation of t he  interaction between the  modes has been 
conducted. 

A study of attenuation vs  t r ansmi t t e r  power at  s e v e r a l  low t e m -  

pera tu res  has  shown an  anomalous behavlor in the  power depenkence 

of attenuation of hypersound. The attenuation of hypersound in  qua r t z  

dec reases  with decreas ing  t r a n s m i t t e r  power.  Measurements  of a t - 

tenuation, d ,  of compress iona l  and shea r  waves in  qua r t z  a t  t empera -  

t u r e s  below 2 d  K have  indicated that a single value of n i n  the ex -  

pres s ion  Q * A * BTn does  not hold f o r  this  t empera tu re  range. 


+This work  was  supported by the  U.  S. Air  F o r c e  through the 

Air  F o r c e  Cambr idge  Resea rch  Labora to r i e s ,  Bedford,  Mass.  


D7. CW Techniques f o r  the Measurement  of Attenuation and Velocity 

of Ultrasound i n  Solids, D. I. Bolef and J. de Klerk,  Westinghouse 

Resea rch  Labora to r i e s ,  Pit tsburgh, Pennsylvania. 


Severa l  cw u l t rasonic  techniques have been developed, covering 
the  frequency range  oc ' m c / s e c  to  1000 m c l s e c ,  fo r  the purpose  of 
measur ing  attenuation ana velocity of sound in  solids.  These  include, 
in addition to  the  previously descr ibed  Q-meter  technique, a differen-
tial  power o r  voltage monitoring technique, swept-frequency cw 
osci l la tor  techniques,  and lock-in osci l la tor  techniques. In the  l a t t e r ,  
the rf osc i l la tor  is  coupled to the u l t rasonic  probe in such  a way that 
the osc i l la tor  f requency  i s  locked to one of the  cw mechanical reson-
ahces  cha rac t e r i s t i c  of the  specimen. A change in  the  sound velocity 

in t he  spec imen,  e . g .  a s  a function of t empera tu re ,  is  then reflected 

a6 a change i n  osc i l la tor  frequency. 


For the  measu remen t  of ex t remely  sma l l  changes of attenuation, 

frequency o r  magnetic field modulation, together with synchronous 

detec tor  char t  r e c o r d e r  techniques,  has  been used. In seve ra l  of t he  

cw ul t rasonic  techniques mostly commerc ia l ly  ava i lab le  equipment 

can be  used. Applications to  the  measu remen t  of elast ic  constants 

and in te rna l  f r ic t ion of solids,  as well  a s  t o  the  measu remen t  of sp in-  

phonon in te rac t ions  in  paramagnet ic  ma te r i a l s ,  will be  descr ibed .  


SESSION E 	 "Magnetoelastic In te rac t ions  i n  Solids" F r iday  Morning, 

November 30th, 1O:OO a . m . ,  Chairman: John E. May, Jr. 


Invited P a p e r s  (30 niinutes) 


 



E:l. Microwave Phonon Ceneratlo,8 1 v ' Ih in  Mdgnetlc F i lms ,  Marden 
H.  Seavey, J r . ,  Air F o r c e  Carnbridyc I tesearch  I . ab r , r a to r i c~ ,  Bed- 

, f (  r d ,  Massachuse t t s .  

'The magnetos t r ic t ive  generation of riiicrowave ph<nnons 111 thin 
magnetic f i lms  i s  desc r ibed  and expcriniental  r esrllts r c  dircxlssed. 
A single rec tangular  cavity resonant a t  9 KMcps i s  employed in the 
exper iments  and a DC magnetic field i s  applied e i ther  parallel  o r  
pcrpendicular to the  f i lm sur face .  O n  fe r romagnet ic  resonance  (FMR) 
or  spin wave resonance  (SWR) in the thin f i lm,  phonons a r e  generated 
and then a r e  observed  as echoes  f r o m  the f a r  end of a single c rys t a l  
subs t ra te .  It is shown that  on SWR the  phonon genera t ion  occur s  
throughout t he  in t e r io r  of the  f i lm while on FMR the  genera t ion  i s  a t  
the f i lm  su r faces .  In the  f o r m e r  c a s e  in t e r f e rence  effects pred ic t  
a shift  of the phonon peak off t he  SWR peak and this  i s  experimentally 
observed. The  dependence of the phonon genera t ion  efficiency and 

magnetic field behavior on f i lm thickness and composition is  d i s - 

cussed .  The  spli t t ing effect  due to  sp in  wave-phonon c r o s s o v e r  i s  
shown t o  be amal l  in  permal loy  f i lms  due to low phonon Q. Hence 
the genera t ion  occur s  principally through the d m / d z  driving t e r m .  
Finally,  a compar i son  of magnetos t r ic t ive  with p iezoe lec t r ic  phonon 
generation is  made, 

EX. High Frequency  Acoustic L o s s e s  i n  Yt t r ium I ron  Garnet,  R. C. 
LeCraw, Bel l  Telephone Labora to r i e s ,  Inc. ,  Mur ray  Hill, N. J. 

With the r ecen t  d i scovery  of the unusually high Q of y t t r ium i ron  
garne t  (YIC), and its u s e  a s  a highly efficient microwave acoustic 
t r ansduce r ,  t he  sou rces  of poss ib le  l o s s e s  in  YIG have become of 
cons iderable  impor tance .  Measurements  thus  f a r  have demonst ra ted  
room tempera tu re  Q ' s  of - IO7 at 10 Mc and 2 x IO5  at 1000 Mc. In 
ne i ther  c a s e  a re  these  va lues  known to  be intr insic .  

LOSSmechan i sms  i n  YIG which have to  s o m e  degree  been identi-  
fied a r e  (1) F e  impur i ty  ions,  which a t  1 Mc produce  a l a r g e  r e -  ++ 

laxation-type peak in  Q-' a t - 225'K, (2) r a r e  e a r t h  and o the r  impur i ty  
ions with unquenched orbi ta l  angular  momentum,  which in t ruduce  lo s s  
by the s t rong  coupling of acous t ic  modes  to  d iss ipa t ive  spin wave 
modes ,  and (3) su r face  i r r e g u l a r i t i e s ,  which cause  much g r e a t e r  
l o s ses  i n  YIG than i n  quar tz .  This  l o s s  essent ia l ly  vanishes  below 

156 K. Its na ture  i s  not fully unders tood  at present .  The above 
=ources  mus t  be  understood and eliminated before  the in t r in s i c  l o s se?  
of per fec t  YIG can  be observed. 

lLeCraw,  Spencer  and Gordon, Phys. Rev. L e t t e r s ,  620 
(1961). 

2Spencer,  Denton and Chambers ,  Phys.  Rev.,  125, 1950 (1962). 

E3. Microwave Acoustic Measuremen t s  i n  Garne t s ,  R. T. Denton and 
E. G. Spencer ,  Bell Telephone Labs . ,  Inc. ,  Mur ray  Hill, N. J. 

Cons iderable  in t e re s t  has  been genera ted  i n  the  microwave acous-  
t ic p rope r t i e s  of y t t r ium i r o n  g a r n e t  by the  r ecen t  d i scovery  of the  
low acous t ic  l o s s e s  of this  ma te r i a l  and the  efficient genera t ion  of 
microwave u l t r a son ic s  which can  be  obtained. F u r t h e r  da ta  have  been 
obtained on the microwave  acous t ic  l o s s e s  of y t t r i um i r o n  ga rne t  ove r  
a range  of t empera tu res  and on  the  input power leve l  at which non- 
l inear  p rocesses  occur  i n  the  t r ansduce r  fo r  s e v e r a l  d i f fe ren t  c r y s t a l  
orientations.  Meaaurements  have been made  on o ther  magnetic g a r -  
ne ts  which a l s o  have  low acous t ic  l o s ses .  

Acoustic da ta  have  been  obtained on the  cha rac t e r i s t i c s  of seve ra l  
nonmagnetic ga rne t s  by bonding p iezoe lec t r ic  t r ansduce r s  onto s a m -  
ples of these  ma te r i a l s .  These  measu remen t s  show that  t he  non- 
magnetic ga rne t s  can  a l s o  have low microwave  acous t ic  l o s s e s  a t  
room t empera tu res .  The acous t ic  p rope r t i e s  of t he  magnetic and 
nonmagnetic ga rne t s  indicate that  t hese  m a t e r i a l s  should be useful in  
a number  of device applications.  

Contributed P a p e r s  (20 minutes )  

E4. The P a r a m e t r i c  Excitation of Magnetoelastic Waves i n  Magneti- 
cally Ordered  Single Crys t a l s ,  F r e d e r i c  R. Morgenthaler,  Depar t -
T e n t  of m e c t r i c a l  Engineering, Massachuse t t s  Insti tute of Technology 

rnbr idg e ,  Ma sR a c  hus ett  s. 

The magnetic and /o r  e l a s t i c  excitation of magnetoe las t ic  waves i n  
ordered magnetic solids of cubic or uniaxial  symmet ry  is cons idered .  

.l-tic (-.ate L,! v.av a b  p r o p ~ g ~ ~ t i n g~r~ngnetot?l;tstir. at rigtit  ang,eg to  
the clc r r a jne t i i  f i r l r i  A R  trented i n  ,letail the level  of l:ir8giturl:,..I 
pararr.etrii excitati .  r i  required io , I r l v c  them ! i n s t a b l a  is r r i v J e c l* I '  

anrl tl:e t ! ~ r r s h ~ ~ l f l  ; late? d~ a f w ~ c l i o rof thP d c  l ielc.  It I !  r r1 :~ ,3  

II ' t r ,  thc l i r r r s h o l d  r u r v e  give.;  to r 
mrnet r i i  line ,hap' .rnd that thi. z ~ i ~ s s - o v e r  f r o m  0 1  

upper h r  rich nf t t . ?  rnngncta>el.,slic nave sper:trurn nlJ t  I , '  I 1  n: 

the point o f  in te rsec t ion  between thc,  unperti irbed spinwave arlr ,.horton 
spec t ra .  Fa i lu re  to accoiin? f r , r  thi.+ fact Lan lead to a n  ovr r t - : i :na t ion  
of the exchange constant;  the p r r o r  i n c r e a s e s  with incrcas in-  phonon 
Q. The peak and width of the  phonon rontri:Jution i s  obtained ? Y  a 
function of the  phonon Q, m.ignetoelastic energy coefficient, a .ri the 
exchange c onst.Int. 

Phonon pumping of magnetrie1as:ic waves is  a l s o  c c n s i d t r r . 4  a5 is 
the in te rac t ion  between this form c,f i:xritation and l o n ~ : ? i ~ ~ l i n a l  pump-
ing. 

'F. R. Morgenthaler,  J. Appl. Phys .  Suppl. ].95s (196 1 1 ;  PhD 
Thes is  Proposa l ,  MIT, Department of Elec t r ica l  Engineering, May'59. 

2E. Schlb'mann, J. J. Green ,  anrl U. Milano, J. Appl. P : s .  
Suppl. 31, 3865 (1960);  E. Srhlomann, Tech. Rept. R - 4 8  12;- arch  
Div i s ioTRay theon  Company, October,  1959. 

3E. H. T u r n e r ,  paper  No. 82,  Sixth Symposium of Magne '  c,rn k 
Magnetic Mater ia l s ,  New York, NCN. 14-17, 1960; P h y s .  R 
t e r s ,  5, 100 (1960). 

T C .  LeCraw and L. R. Walker,  J. Appl. Phys. S~lppl.  32,-
167s (1961). 

E5. Microwave Magnetoelastic Measurements  by Para l le l  Pun ping ,  
F r a n k  A. Olson, A i r  F o r c e  Cambridge Resea rch  Labs . ,  Redfor2 V a s s  

Measurements  of acoustic loss  and of the  magnetoelastic coupling 
of phonons and spin waves in a fe r r imagnet ic  insu la tor  have been 
made  at  microwave  frequencies.  The technique cons i s t s  of a h:gh r e -  
solution measu remen t  of the  spin wave-phonon in te rac t ion  f i r s t  ob- 
se rved  by T u r n e r '  in  para l le l  pumping exper iments  (microwave mag- 
netic field applied pa ra l l e l  to the dc magnetic field).  This method 
provides a de te rmina t ion  of the magnetoelastic proper t ies ,  f r o m  the 
magnitude and l ine shape  of the interaction, a t  high microwave i r e -  
quencies  where  o ther  techniques have not  been successfu l  due t o  
t r ansduce r  and bonding problems.  

Studies have been made  of the  in te rac t ion  in  oriented sphe res  and 
d isks  of s ing le-crys ta l  y t t r ium i ron  garne t  a t  5 kMc and at  12 kh4c. 
At room t empera tu re  and a (100) orientation these  have yielded phonon 
a ' s  of U t o  5 x lo4,  a f - l  variation of the Q. and a value of - i 3 6  
j ou le /ms f o r  the magnetoelastic coupling coefficient. F r o m  measure -  

ments  per formed a t  77.K and 4 - K  the t empera tu re  dependence has beer 
observed ,  including the  low- tempera ture  peak of the phonon loss.  The 
r e su l t s  have been  co r re l a t ed  with lower frequency measu remen t s ,  a d  
the marked  d i f fe rences  with the  quantit ies f r o m  a higher frequency 
pa ra l l e l  pumping exper iment1  have been resolved. Finally,  the 
magnetoelastic coupling fo r  var ious  c rys ta l l ine  orientations a n i  the 
prac t ica l i ty  of genera t ing  phonons by this  technique have been consid- 
e red .  

lE. H. Turne r ,  - ~ - _ _ _ _ _Advances in Quantum E lec t romcs  (Co1umb:a 
University P r e s s ,  New York, 1961), p. 427.  

E6. Conditions fo r  Coherent  Phonon Genera t ion  in Ferrimagnet:c 
Single Crys t a l s ,  F r e d e r i c  R. Morgenthaler,  Department of Elec t r ica l  
Engineering, Massachuse t t s  Insti tute of Technology, Cambr idge ,  Mas: 

Conditions have recentlv been given'  fo r  the pa rame t r i c  excitati a: 
of both longitudinal and t r a n s v e r s e  microwave phonon standing waves 
by the  uni form p recess ion  of t he  magnetization undergoing ferr i , r .ag-  
netic resonance  i n  a fc,rrimagnetic single c rys ta l .  The possibil . ty oi 
generating phonons in c rys t a l s  having cubic o r  uniaxial symmet  -y by 
this  f o r m  of volume excitation i s  explored in this  pape r ,  and thc poten 
t ia l  advantages over  o ther  methods of genera t ion  a r e  outlined. The 
excitation of phonons which l ie  below the  spinwave (magnon) ba r  ! is 

cons idered  i n  detail .  Such vibrational modes a r e  not magneto-t  , a s t i -  
cally coupled (in the  usua l  sense)  to the  magnons, and it may th.-refor 
be  poss ib le  to  ex t r ac t  apprec iab le  coherent  phonon power f r o m  :'le 
c r y s t a l  before  o ther  unstable phonons, magnetoelastic waves ,  c -
magnons can  in t e r f e re  with t h e  genera t ion  p rocess .  
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The suitat3ility of any givrri ierr in>agrir t iL c rys t a i  c a n  I , r  a s -
, r ta ined from a knowledge of ce r t a in  of the higher  ordc-r niagneto- 
a s t i r  energy f 4 r m s  and the  appropr i a t e  ph<.non and riiagnun Q's .  
he possibil i ty Of engineering d mate r i a l  with the appropriate  c h a r -  
t e r i s t i c s  (in the  event that  one I S  not a l r eady  avai lable)  is ~ x p l o r e ( 1  
; i s  t he  possibil i ty of doping i i  mate r i a l  t(i s r l ec t ivc ly  favor d pdrti-
l i a r  phonon propagation direct iun.  

*This r e s e a r c h  w a s  sponsoreri  by the F o r d  Foundation under 
rovisions of a F o r d  Postdoctoral  Fellowship.  

I F .  U. Morgenthaler ,  "Microwave Phonon Instabi l i t ies  Associa-  
,d with Fe r romagne t i c  Resonance",  to  be pt,l,lished i n  the  P r o r .  of 
11' Insti tute i)i Uadio Engineers .  

KSSION F 	"L'ltrasonic Phenomena and Devices",  F r i d a y  Afternoon, 

November 30th a t  2 : O O  p. m. Chairman:  R. Bechmann. 


Invited P a p e r s  (30 minutos)  

7 1. Detection of Microwave Ultrasonics  by Phonon-Photon Double 
Juantum Transi t ions,  N. S. Shiren, Internat ional  Business  Machines 
;orPoration, Thomas 3. Watson R e s e a r c h  Cen te r ,  Yorktown IIeights,  
'Iew York. 

A new detector  of pulsed microw,?.ve u l t r a son ic s ,  which makes 
? s e  of double quantum t r ans i t i ons ,  will be descr ibed.  The detect ion 
nethod cons i s t s  i n  the m e a s u r e m e n t  of e lectro-magnet ic  microwave 
?ewer abso rbed  i n  double quantum t r ans i t i ons ,  i n  which a microwave 
,hoton and a n  ul t rasonic  phonon a r e  s imultaneously absorbed.  Us-
:>g the  ground s t a t e  Zeeman  t r ans i t i ons  of FeZt in  MgO, the p rac t j -  
.a:it the  method has been verified.  

S:nce the t r ans i t i on  probabili ty i s  proport ional  t o  the ul t rasonic  
: iensity the double quantum method i s  capable of detect ing spat ia l ly  
':coherent radiation, unlike the piezoelectr i r  method which i s  s ens i -  
:%'eonly to  spatially cohe ren t  radiation. Also the  new de tec to r  i s  
ensi t ive to all polar izat ions of t he  ul t rasonics  and s ince ,  fo r  Zeeman  
ransi t ions,  the var ia t ion of t r ans i t i on  probabili ty withmagnet ic  field 
ngle i s  a function of the polar izat ion,  i t  i s  possible  t o d e t e r m i n e  the  
olar izat ion mix tu re  a s  well a s  the  amplitude of t h e  radiation. Other  
pin resonance ul t rasonic  de t ec to r s  a l s o  have  t h e  above mentioned 
mroperties, but unlike them,  the double quantum method i s  capable  of 
etecting fast  pulses because  the  long t i m e  constant  re laxat ion effects 
r e  not observed.  

Using inhomogeneously broadened t r ans i t i ons ,  such a s  those of 
;e2* i n  MgO, the detector  may b e  operated with microwave and u l t r a -  
ior.ic f requencies  which differ  by a s  much as 1000 mc / S .  

A s  a n  example of t h e  u s e  of the de t ec to r ,  a m e a s u r e m e n t  of 

!mall  angle  refract ion will  be desc r ibed .  


' 2 .  Tit le  to  be Announced, Rohr. T rue l l ,  Brown University Metals  
, e s e a r c h  Lbboratory,  Providence,  Rhode Island. 

. ? ,  Travel ing Wave Ultrasonic  Amplification, A. R. Hutson, Bell  
'eiephone 1,aborator ies .  Incorporated,  Mur ray  Hi l l ,  Nev. J e r s e y .  

Acoustir  l o s s  o r  g a i n  rescl t ing f r o m  the interact ion between 
raveling acoustic waves and mobile  c a r r i e r s  will  be d i scussed  fo r  
nezoelectr ic  semiconductors  and fo r  a semimeta l  such a s  bismuth. 
'he l i nea r  (5mall-s ignal)  theory will  b e  developed in  t e r m s  of: t he  
a r r i e r  bunching f o r c e s  (piezoelectr ic  fielr,'. and deformation poten- 
ial g rad ien t s ) ;  the c a r r i e r  debunching mechan i sms  ( space  cha rge .  
a r r l e r ,  diffusion, t rapping,  and recombinat ion);  and applied dr i f t  
'el hich control  the relat ive phases  of c a r r i e r  bunches and hunch- 

-es .  Jt will be shown that t he  nonlint,ar t e r m s  i n  the theory ~g . 
ive r i s e  tr. the  t ravel ing-wave mixing, t he  acousto-electr ic  efiect ,  
nd non-ohlrir  behavior in amplifying medl.L. The choice of ma te r i a l  
i d  operat.ng p a r a m e t e r s  of accmstic ampl i f i e r s  as  influenced by 
uwer diss;pation, self-osci l la t ion,  and noi5e t e rnpe ra tb re ,  will he  
is cus sed .  

The f u l l  potential < b f  t h e  i i l trasowr arriplif ier canr io t  be > , $ e d !,I vc r 
high frequency i lpvires 1 , e r a u s r s  of the ir..irirqu,ic y cif present  t!dy ' i l t  rij 
s o n i c  t r ansduce r s .  F o r  instance the amplif ier  has rnelrti g r e a t e r  
hanrlwiilth th.in that uf  the transrliicerc; att.irhed to i t .  The high inbvr -  
tion loss rrf current ly  available 1ranrdiicfLrs at the higher  freqiier 
ser iously l imi t s  the u s e  o f  the i i l trn-onic aniplifier i n  amplifying 
t r ical  signals.  New t r ansduce r s  under zturiy ShCmld great ly  extend 
the cap.itJilities of ul t rasonic  amplif ier  i ev: i  (-5. 

An ul t rasonic  amplif ier  can  be lised t o  genernte  intense l i l t  ra  sor :c  
waves and to detect  very weak waves.  In  t t r  detecting p roc r  
noelectric semiconductor  gene ra t e s  ;I d i re ( t cr i r r rnt  when i t  
an  ul t rasonic  wave, and when the  semicondiictiir i s  iised a' ar: ,.",pi;- 
f i e r ,  the  wave changes the  dc level.  Thus thi: sem;conductor  C ; J ~t r .  
used a s  a s q u a r e  law o r  power detector  of ul t rasonic  waves which I S  

very  useful a t  high frequencies .  

F5. Quartz  Optical Phonon-Masers ,  C. H.  Becke r ,  Preci.;irin 1f is t r i . -
ment Company, San  C a r l o s ,  Cal i fornia .  

Emission of optical  phonons i n  the Te racyc le  frequency r a n g e  of 
1OI2 cyc le s  persecond c a n  be s t imulated i n  a lpha-quartz  by mear.5 o f  
s t rong ul t raviolet  optical  pumping. 

This  phenomenon r e s u l t s  f r o m  the quanttirn-mechanical exc:t.jtior 
of the vibrational molecular  modes of the alpha-quartz  1in:t c e i !  c' ir i .+,  
second-order  inelast ic  l ight-scat ter ing p rocesses .  1)tiring the exrita 
tion per iod,  optical  phonon-maser  action t akes  place i n  the a!pha-r,>:.:- 
cadsing inversion of the intensi t ies  of t he  quartz  Kdrnan spec t rum u t i ? ,  

the c r i t i ca l  intensity of optical  pumping i s  achieved. 

Thus ,  optical  phonons in a lpha-quartz  can  be detected by r n e z s J r -  
ing the intensity dis t r ibut ion of the Anti-Stokes and Stokes l i nes  d u r i z g  
the inversion p r o c e s s e s .  

The quantum electronics  of optical  phonons may Se cunceivab;. 
es tabl ished on the bas i s  of this  new phenomenon, and a rauicxlly n e w  
approach to  molecular  energy t r anspor t  i s  expected. If s u c c e ~ s f a l l y  
accomplished, i t  wi l l  occur  a t  optical ( i n f r a red )  f requencies .  but s i l l  
be  s t r ic t ly  mechanical  i n  nature .  

Pr inciples  of and f i r s t  experimental  approaches t o  such a lieu d i i -
cipline will be presented a t  the Symposium, with alpha-quart7 a s  the 
quantum-mechanical  amplif ier  medium. These  r e su l t s  %i l l be com-  
pared with p re sen t  knowledge regarding the  generat ion.  propagation 
and detect ion of microwave acoust ical  phonons. 

Contr ibuted Pape r  ( 2 0  minutes)  

F6.  Field Enhancement Techniques for t he  Generation of h f i c rouavc  
Phonons, H. Hsu, W .  Broui l le t te ,  and S .  Wanl iga,  General  Electr ic  
Company, E lec t ron ic s  Labora to ry ,  Syrnc.isc,  S c n  Yc3rk. 

Much improved electromagnet ic  t rdnsd ! c i - r  iotip1;ng '>< t'r. 
achieved by enhancing the e l ec t r i c  field ~ r ir a s e  oi pir,:ot.iectriL :r. 
duce r s ,  and the magnetic field in  the  c'asc c i f  rn;ignct.)s!r!i-ti.:e lr<ins-
duce r s .  These  t ransdi icers  a l so  couple to bo th  t ransi .er4e i i n n  I n n g i -
tudinal phonons. 

The contribution of th i s  paper  per ta ins  t u  the I,.ie,i o f  enhancing t k '  

field intensity i n  a microwave cavity.  17y using pertii r)iatin7 nic 
ments ,  we have studied the c%nhancrment of e lectr ic  o r  m.iyrirtic I ?  t 

in the vicinity u f  t he  c r y s t a l  and have  cirveloped cavity s t r > i c t u r r , f o r  
rniich improver! piez.oelectri~ riiAgnctostrrctivc transdLii <, r cu i ip l ing  
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For  both p iezoe iec t r i?  awl rnagnetostri<1:vr r o i ~ p l ~ n g s ,w e  have 
tound that the field intt,nsity cr l r i  IN= m u <h e.rlhar,l.emt hy properly s l ~ a p -
Ing the  center  port  of .3 re-er1tr,int L >vltv.  11, ~ . + ih c a s e ,  thr d * s t r i -
bution of the electr ic  (-8.- tn;ignetir firlcis in thr. c avlty 1 %  p,~rpr ,suly 
per turbed  by the  special  p<,Ht s t i  uc ture  s o  t:ial the field i n t e n s l t y  ),e-
come8 much higher ir! the virinity of the ,r y 3 t a l .  

With these  s t r u c t u r e s ,  i t  is possible to selectively couple 1 0  

e i ther  longitudinal or t r a n s v e r s e  mode, o r  t o  hoth simu1taneou;ly. 
F o r  example,  we have obtained 180 longitudinal echoes and 380  
t r a n a v e r s e  echoes  using a s p e c i d  p iezoe lec t r ic  cavity.  

In thia paper ,  the  per turba t ion  techniques,  var ious  cavity s t ruc -  
t u r e s ,  and s o m e  wideband s t ruc tu res  will be disclosed. Exper imen-
t a l  r e su l t s  of the  excitation of microwave phonons f r o m  liquid helium 
t e m p e r a t u r e s  to  room t empera tu res  will be presented  fo r  a vai  i ?ty 
of propagation media. 

REGISTRATION FOR TECHNICAL SESSIONS AND BANQUET 

Regis t ra t ion  will  be r equ i r ed  in  o r d e r  to gain en t rance  to  th.? 
technical s e s s ions .  Regis t ra t ion  desks  will  be  se t  up a t  the  en t rance  
to the  audi tor ium.  It will be  helpful t o  the  Symposium Committee to  
know i n  advance the number  of pe r sons  planning to  attend. P l ease  
fill out and send  the f o r m  a t  the bottom of this  page to Mr .  Will iam 
F. Konig, Arrangemen t s  Chai rman.  

Because  of the  l imi ted  faci l i t ies  available for  holding a banquet, 
we u rge  those  in t e re s t ed  i n  attending the Social  Hour and Banquet to 
r eg i s t e r  i n  advance. Th i s  c a n  be done by mailing the  accompany Aig 
f o r m  and a check  for  $5.00 to:  

Mr. Will iam F. Konig 
Columbia University 
Elec t ronic  Resea rch  Labora to r i e s  
632 West 125th S t r ee t  
New York 27, New York 

Ticke ts  f o r  the  Banquet, i f  ava i lab le ,  wil l  be on s a l e  a t  the  
r eg i s t r a t ion  desk  until 2 :OO p. m. ,  Wednesday. Ticke ts  paid f o r  i n  
advance c a n  be  picked up a t  any t ime  before  the Banquet a t  the  reg is -  
t ra t ion  desks .  

' Please  m a r k  the  appropr ia te  boxes: 	 I 

I 

, 11 I plan to  attend the  1962 Ul t rasonics  Symposium. 

' 
I 
0	I plan to attend the Banquet and a m  enclosing a check 

f o r  $5.00 t o  r e s e r v e  my t icket .  I 

I 
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