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AN ELECTROMAGNETIC TRANSDUCER FOR GENERATION AND DETECTION 
OF BOTH LONGITUDINAL AND TRANSVERSE ULTRASONIC WAVES 

Katsuhiro Kawashima' 

ABSTRACT 

An electromagnetic ultrasonic transducer that generates 
and detects both longitudinal waves and radially polarized 
transverse waves was made and tested on aluminum, brass, copper, 
and mild steel. The transducer detected an artificial flaw in 
aluminum with a fairly good signal-to-noise ratio. 
shown experimentally with the electromagnetic transducer that 
the mode conversion between a longitudinal wave and a radially 
polarized transverse wave occurs with a fairly good efficiency 
at the vertical reflection. 

It was also 

INTRODUCTION 

The method of electromagnetic generation and detection of ultra- 
sonic waves has recently been developed as a new method for applying ultra- 

The ultrasonic wave is generated directly inside the metal by 

'On temporary assignment from Nippon Steel Corporation , 

2E. R. Dobbs and J. D. Llewellyn, "Generation of Ultrasonic Waves 

2-6-3 Otemachi, Chiyodaku, Tokyo, Japan. 

Without Using a Transducer," Non-Destr. T e s t .  (GuiZford, EngZ.) 4(1) : 
4F56 (February 1971). 

Electromagnetic Sound Generation," J .  P h y s .  D 3: L61-L63 (1970). 

Metals," J .  Phys .  Chem. SoZids 31: 1657-67 (1970). 

Generation of Ultrasonic Waves in Metals," J .  Acoust. Soc. Amer. 45(6): 
13931401 (1969). 

Metals," Phys .  Lett. .  A 25(10): 753-54 (1967). 

Waves," Phys .  Rev. L e t t .  19(5): 224-27 (1967). 

Modes in Aluminum," Phys .  L e t t .  A 26(7): 29647 (1968). 

Their Application to Ultrasonic Inspection," pp. 3748 in P r e p r i n t s  6. 
ICNT Voz .  B ,  1970, Deutsche Gesellscaf t fcr Zerstorungsfreie Prcfverfahren 
e.V. , Berlin. 

(February 1968). 

3K. 0. Legg and D. J. Meredith, "Flaw Detection in Metals Using 

4E. R. Dobbs , "Electromagnetic Generation of Ultrasonic Waves in 

5D. J. Meredith, R. J. Watts-Tobin, and E. R. Dobbs, "Electromagnetic 

6A. G. Betjemann et al. , "R. F. - Ultrasonic Wave Generation in 

7J.  R. Houck et al., "Direct Electromagnetic Generation of Acoustic 

*P. R. Larsen and K. Saermark, "Electromagnetic Excitation of Elastic 

'H. Wcstenberg , "Contactless Electrodynamic Ultrasonic Transducers and 

'OR. Botsco, "The Eddy-Sonic Test Method," Mater. EvaZ. 26(2) : 21-26 
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t h e  i n t e r a c t i o n  of a magnetic f i e l d  and eddy c u r r e n t s  t h a t  are induced 
by an induc t ion  c o i l  p laced  on t h e  m e t a l  su r f ace .  
t h e  u l t r a s o n i c  wave wi th  t h e  magnetic f i e l d  g ives  rise t o  eddy c u r r e n t s ,  
which are de tec t ed  by an  induct ion  c o i l .  
cu r ren t  nondes t ruc t ive  t e s t i n g ,  and t h e  phys ica l  phenomenon f o r  d e t e c t i n g  
f laws and measuring material p r o p e r t i e s  is  t h a t  of u l t r a s o n i c  nondestruc- 
t i ve  t e s t i n g .  
fol lows : 

1. An u l t r a s o n i c  wave can be  genera ted  without  any con tac t  between 
a t ransducer  and a material being t e s t e d .  This  c h a r a c t e r i s t i c  i s  u s e f u l  
f o r  materials t h a t  are a t  h igh  temperatures ,  are moving, have rough sur-  
f a c e s ,  o r  must be p ro tec t ed  from contaminat ion by w a t e r  o r  o i l  used i n  
convent ional  u l t r a s o n i c  t e s t i n g .  

2. The technique can gene ra t e  u l t r a s o n i c  waves of s e v e r a l  d i f f e r e n t  
modes. 
eddy c u r r e n t s  can genera te  d i f f e r e n t  u l t r a s o n i c  wave modes, some of which 
can never be generated by a convent ional  u l t r a s o n i c  t ransducer .  

We b u i l t  a t ransducer  t h a t  has  a s imple s t r u c t u r e  and can gene ra t e  
and d e t e c t  both l o n g i t u d i n a l  and t r a n s v e r s e  waves and used it  t o  test s teel ,  
aluminum, b r a s s ,  and copper. 

Then an  i n t e r a c t i o n  of 

The technique i s  similar t o  eddy- 

The main advantages of t h i s  technique are summarized as 

Various combinations of t h e  d i r e c t i o n s  of t h e  magnetic f i e l d  and 

THE PRINCIPLE OF THE TRANSDUCER 

One p r i n c i p l e  of ope ra t ion  of t he  t ransducer  can be  explained wi th  
t h e  h e l p  of Fig.  1. I f  t h e  eddy c u r r e n t ,  I, has  only an azimuthal  com- 
ponent,  and i f  t h e  s t a t i c  magnetic f l u x ,  B y  has  only a r a d i a l  component, 
t h e  exer ted  f o r c e ,  F, has  only a v e r t i c a l  component. 

ORNL- D W G  75-6945 

Fig.  1. Action of Transducer w i th  Azimuthal Eddy Current  I and 
S t a t i c  Magnetic Flux B Having Only a Radia l  Component. 
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If t h e  pene t r a t ion  depth  of high-frequency eddy c u r r e n t s  is  much less 
than  t h e  u l t r a s o n i c  wave l eng th ,  t h e  volume f o r c e  exer ted  by t h e  eddy 
cu r ren t  can be  considered t o  be  a s u r f a c e  f o r c e  by i n t e g r a t i n g  i t  over  
t h e  depth.  I n  t h i s  case, a l o n g i t u d i n a l  wave and a small amount of 
r a d i a l l y  po la r i zed  t r ansve r se  wave are generated.  I f  t h e  s t a t i c  
magnetic f l u x  has  only  a ver t ical  component ( see  Fig.  2 ) ,  t h e  f o r c e ,  F ,  
has only a r a d i a l  component. I n  t h i s  case, a r a d i a l l y  po la r i zed  t r ans -  
verse wave and a s m a l l  amount of l o n g i t u d i n a l  wave are generated.l1-I4 

ORNL-DWG 75-6946 

... 

Fig. 2. Action of Transducer wi th  a S ta t i c  Magnetic Flux Having 
Only a Vertical Component. 

I f  t h e  s t a t i c  magnetic f l u x  has  both r a d i a l  and v e r t i c a l  components, both 
l o n g i t u d i n a l  and t r a n s v e r s e  waves are generated.  The amounts of both 
waves depend upon both r a d i a l  and ver t ical  components of t h e  s t a t i c  mag- 
n e t i c  f i e l d .  (See Fig.  3 . )  

"Katsuhiro Kawashima, An EZectromagnetic UZtrasonic Transducer, 
ORNL-5063 ( i n  p re s s )  

12R. L. Roderick and R. T r u e l l ,  "The Measurement of U l t r a son ic  
Attenuat ion i n  So l ids  by t h e  Pu l se  Technique and Some Resu l t s  i n  S t e e l , "  
J .  AppZ. Phys. 23(2):  267-79 (February 1952).  

13F. Miller and H. Pursey, "The F i e l d  and Radiat ion Impedance of 
Mechanical Radiators  on t h e  Free  Surface  of a Semi-Inf ini te  I s o t r o p i c  
Solid, ' '  Proc. 8. Soc. London Ser. A . ,  223: 521-41 (1954). 

Acoustic Field Exerted by Eddy-Current Forces, OWL-5065 ( i n  prepara t ion)  . 14Katsuhiro Kawashima, The Theory and NumericaZ CaZcuZation of the 
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/LARGE COIL FOR STATIC MAGNETIC FIELD 

DRIVER COIL 

Fig.  3. Act ion o f  Transducer w i t h  Stat ic  Magnetic Flux Having 
Both Hor izonta l  and Vertical Components. 

An u l t r a s o n i c  p u l s e  i s  de tec t ed  by a pickup c o i l  through a n  e x a c t l y  
oppos i t e  phenomenon. This  r e p o r t  p re sen t s  a n  e lec t romagnet ic  u l t r a s o n i c  
t ransducer  t h a t  has  a s imple s t r u c t u r e  and can gene ra t e  and d e t e c t  a 
r e l a t i v e l y  l a r g e  amount of a r a d i a l l y  po la r i zed  t r a n s v e r s e  wave and a 
s m a l l  amount of a l o n g i t u d i n a l  wave. 

EXPERIMENTAL METHOD 

The t ransducer  c o n s i s t s  of a l a r g e  c o i l  t o  gene ra t e  t h e  s ta t ic  
magnetic f i e l d ,  .a small d r i v e r  c o i l  t o  gene ra t e  t h e  eddy c u r r e n t ,  and a 
s m a l l  pickup c o i l  ( s e e  F ig .  4 ) .  The l a r g e  c o i l  has  a steel  po le  p i e c e  i n  
i t  t o  enhance t h e  magnetic f i e l d .  A d i r e c t  c u r r e n t  of 6 A runs  through 
t h e  b i g  c o i l .  
p i ece  varies from po in t  t o  p o i n t  between 5.8 and 3.5 kG, as shown i n  Fig.  5 .  
The h o r i z o n t a l  component is  4 kG. The o u t e r  r a d i u s  of t h e  d r i v e r  c o i l  is  
9.8 nun, t h e  inne r  r a d i u s  i s  3.6  mm, t h e  th i ckness  is  0.92 nun, inc luding  
i n s u l a t o r s ,  and t h e  number of t u r n s  i s  11. The pickup c o i l  i s  l o c a t e d  
coax ia l ly  o u t s i d e  t h e  d r i v e r  c o i l .  The o u t e r  r a d i u s  is 12.5 nun, t h e  i n n e r  
r ad ius  is  9.8 mm, t h e  th i ckness  is 0.92 mm, i nc lud ing  an  i n s u l a t o r ,  and 
t h e  number of t u r n s  is  200. The pickup c o i l  is loca ted  o u t s i d e  t h e  d r i v e r  
c o i l  because (1) t h e  peak i n t e n s i t y  of t h e  r a d i a l l y  po la r i zed  t r a n s v e r s e  
wave is o f f  a x i s ,  and (2) t h e  coupl ing e f f i c i e n c y  between t h e  c o i l s  and 
material is  b e t t e r  when both  c o i l s  are loca ted  very  near  t o  t h e  material. 

The ver t ica l  component of magnetic f l u x  nea r  t h e  s teel  po le  
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.DRI VER AND 
COILS 

PICKUP 

COIL FOR STATIC 
MAGNETIC FIELD 

Fig.  4 .  Electromagnet ic  U l t r a son ic  Transducer.  

A spa rk  gap is  used t o  make a s i n g l e  p u l s e  of high c u r r e n t  i n  t h e  
d r i v e r  c o i l .  A c a p a c i t o r  (9.75 nF) i s  charged by a dc power supply 
(17 .5  kV) through a l a r g e  r e s i s t a n c e  (25 mQ). When a vo l t age  breakdown 
occurs  i n  t h e  spa rk  gap, a resonance c i r c u i t  cons i s t ing  of t h e  capac i to r ,  
t h e  d r i v e r  c o i l ,  and a r e s i s t a n c e  (95 d) is  formed, and a l a r g e  high- 
frequency c u r r e n t  runs  through t h e  c i r c u i t .  The cu r ren t  i s  est imated by 
measuring a v o l t a g e  d i f f e r e n c e  ac ross  t h e  95-d r e s i s t a n c e .  
s o n i c  s i g n a l  de t ec t ed  by t h e  pickup c o i l  is  ampl i f ied  120 t i m e s  and d i s -  
played on a cathode ray  tube  and photographed wi th  a Polaro id  camera. 
Figure 6 is a b lock  diagram of t h e  t e s t i n g  c i r c u i t r y .  The va lues  of 
d r i v e r  c o i l  peak c u r r e n t  and frequency f o r  each of t h e  materials t e s t e d  
are given i n  Table 1. A l l  t h e  samples w e r e  t e s t e d  wi th  t h e  same t r ans -  
ducer under t h e  same condi t ions .  

The u l t r a -  
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4 4 
4 4 

5'8 4.4 k j A  f kG 1 4  kG 

4 kG - Br 4 kG 0, - 

Fig.  5. Magnetic F l u  i n  t h e  Neighborhood of t h e  Transducer.  

ORNL-DWG 75- 6950 

- 47.5 

ELECTROMAGNET 

Fig.  6.  Block Diagram of C i r c u i t r y .  
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Table 1. Samples and Driver Co i l  Current C h a r a c t e r i s t i c s  

Sample Thickness 
(mm) 

Frequency 
(MHz 1 

Approximat e 
Peak Current 

(A) 

Aluminuma 76.7 1.33 2000 

Brass 58.4 1.28 1900 

Copper 37.7 1.30 1900 

S t e e l  59.9 - 1.30 2300 

a Two aluminum samples w e r e  t e s t e d ;  one had a 6.6-mm-diam f law 
46.3 mm deep. 

EXPERIMENTAL RESULTS 

The u l t r a s o n i c  echoes f o r  t h e  aluminum specimen without  a f law are 
shown i n  Fig.  7. The pa ths  f o r  t h e s e  echoes are represented  by Fig .  8. 
A l l  t h e  echoes i n  Fig.  7 are explained by t h e  fol lowing assumptions: 
(1) Both l o n g i t u d i n a l  and r a d i a l l y  po la r i zed  t r a n s v e r s e  waves are gen- 
e r a t e d  and de tec t ed  by t h e  t ransducer .  (2) Mode conversion between longi -  
t u d i n a l  and r a d i a l l y  po la r i zed  t r a n s v e r s e  waves occurs  a t  each r e f l e c t i o n .  

de tec ted  a t  t = 2 t g  = 2L/C& ( C t  is  t h e  l o n g i t u d i n a l  wave v e l o c i t y  and L 
is  t h e  sample th i ckness ) .  
po la r i zed  t r a n s v e r s e  wave t h a t  r e s u l t s  from t h e  'mode conversion of t he  
l o n g i t u d i n a l  wave a t  t h e  f a r  end of t h e  sample, and a l s o  of a l o n g i t u d i n a l  
wave t h a t  r e s u l t s  from t h e  mode conversion of t h e  r a d i a l l y  po la r i zed  
t r a n s v e r s e  wave. 
L/Ct ( C t  is  t h e  t r a n s v e r s e  wave v e l o c i t y ) .  
de t ec t ed  a t  t = 4 tg  and t = 2 t t  r e s p e c t i v e l y ,  making it d i f f i c u l t  t o  
r e so lve  them i n t o  t w o  independent echoes,  because 452 is  nea r ly  equal  t o  
2 t t  i n  t he  case of aluminum. 
o the r  samples are explained s i m i l a r l y .  

d i f f e r e n t  t i m e s  as represented  by E q .  (1) , and may t a k e  22n d i f f e r e n t  com- 
b i n a t i o n s  of pa ths :  

The f i r s t  s i g n a l  B22 c o n s i s t s  of only a l o n g i t u d i n a l  wave and is  

The second s i g n a l  B2 t c o n s i s t s  of a r a d i a l l y  

S igna l  B2.t is de tec t ed  a t  t = t g  + tt = tt + t g  = L/Cg + 
Signa l s  B4g and B 2 t  are 

A l l  t h e  pu l ses  of Figs .  9 through 12 f o r  t h e  

An echo t h a t  completes n round t r i p s  may be  de t ec t ed  a t  (2n + 1) - 

where ng + n t  = 2n. 
Examples f o r  echoes t h a t  complete one o r  two round t r i p s  and some 

t h a t  complete t h r e e  and fou r  round t r i p s  are shown i n  Table 2. Table 2 
shows t h a t  many echoes can exis t ,  and t h e  number inc reases  r ap id ly  wi th  
t h e  inc reas ing  number of round t r i p s .  
a t  later times. 

This  is  why many echoes appear 
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Fig. 7. Ultrasonic Pulse in 76.7-mm-thick Aluminum. (a) y axis 
15.07 V/division; time base 21.1 psec/division. 
time base 10.4 psec/division. 

(b) y axis 3.77 V/division; 
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Fig 

*2t 

REAR SURFACE 
OF SAMPLE 

-LONGITUDINAL WAVE - TRANSVERSE WAVE 
Cl = 6400m/sec  
Ct = 3120m/sec 

TRANSDUCER TIME 

8. T i m e  Table f o r  Echoes i n  Unflawed Aluminum. 
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4 4 4 4  4 t t  Lt 
3 Y , T  ' -P151 LL '647'2Q,2t - 

'34,t 
-62t 

h'Q,t 
F, L- 

i b )  

Fig. 9.  U l t r a son ic  P u l s e  i n  76-mm-thick Aluminum w i t h  a 6.6-m-diam 
(a) y axis 7.53 V/d iv is ion;  time base  21.1 psec /d iv i -  Flaw 46.3 mm deep. 

s ion .  (b) y axis 3.77 V/d iv is ion;  t i m e  base  10.4 psec /d iv i s ion .  
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Fig. 10. Ultrasonic Pulse in 58.4-mm-thick Brass. (a) y axis 
15.07 V/division; time base 105 psec/division. 
time base 21.1 usec/division. 

(b) y axis 3.77 V/division; 
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T J B r d  J J J 
4 , t  

B4a 9 %  

Fin. 11. Ultrasonic Pulse in 37.7-mm-thick Copper, (a) y axis 
15.07 Vjdivision; time base 21.1 vsec/division. 
sion; time base 10.4 psec/division. 

(b) y axis 7.53 V/divi- 
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I 

t r 
t 

Fig. 12. U l t r a son ic  Pu l se  i n  59.9-m-thick S t e e l .  (a) y axis 
7.53 V/div is ion;  time base  52 usec /d iv i s ion .  
time base  10.4 psec /d iv i s ion .  

(b) y axis 7.53 V/d iv is ion;  
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Table 2 .  Paths and Arrival Times of Echoes 

Time Possible Different Paths Echo 

One Round Trip 

29- 
B 2tP. tL -+ tP. 

tL i tt tL i tt ,  t t  + t L t 

t tt i t 
2tt B2t 

Two Round Trips 

B,L tL i tL i tL i tL 4 %  

t tL i tL i tL i t 

tL i tL f tt + tL 
3% t t  tL i t t  + tL f tL 

t i tL i tL i tL t 

tL i tL i t i t t  
tL i tt i tt + tL 

t 

t i t  i t L i t t  L t  

t t  2 %  2tt t i t i tL + tL 
B 
2k2t 

t i t L i t L i t  

t i t  i t t i t t  
t t 
t L  

t i t  + t t + t t  L t  
t + tL i tt i tt t 

t t tL 3tt t i tt i tL i t 3t 

t t  i t i tt 4. tL t 

t i t  + t t i t t  4tt t t  
B 
st 

Three Round Trips 

6tL 6 2  
t i t  i t  + t L + t L i t L  B L L L  

B 
511, t 6 different  paths 5tL i t t  

B 
rL2t 15 different  paths 4tL + 2tt 

42 different  paths 4 other 
t i m e s  

Four Round Trips 

e a .  
t i t  i t  i t  i t L + t L + t L + t L  B L L L L  

8 other 
t i m e s  

255 different  paths 

n Round Trips 

2 2 n  different  paths (272 i 1) 
different  

times 
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The t ransducer  is  designed t o  g ive  a b e t t e r  e f f i c i e n c y  f o r  t h e  
r a d i a l l y  po la r i zed  t r a n s v e r s e  wave than  f o r  t h e  l o n g i t u d i n a l  wave. This  
is  done by making t h e  ver t ica l  component of t h e  s t a t i o n a r y  magnetic 
f l u x  l a r g e r  than  t h e  r a d i a l  component, and a l s o  by l o c a t i n g  t h e  pickup 
c o i l  o u t s i d e  t h e  d r i v e r  c o i l .  Consequently, B2t is l a r g e r  than  B2, i n  
every p i c t u r e .  A f law s i g n a l  (F1) i s  n o t i c e a b l e  i n  Fig.  9 .  This  shows 
t h a t  t h e  r a d i a l  t r a n s v e r s e  wave i s  capable  of f law de tec t ion .  

( ferromagnet ic  ma te r i a l )  (Fig.  12) because many s m a l l  broad s i g n a l s  are no t  
f u l l y  explained.  The l o n g i t u d i n a l  wave v e l o c i t y  (C,) and t r a n s v e r s e  wave 
v e l o c i t y  (Ct) of t h e  samples were measured from B 2 ,  and B2t of F igs .  7 and 
9 through 12 ,  and are shown i n  Table 3.  The s m a l l  d i f f e r e n c e  between t h e  
measured and Handbook va lues  i s  mainly due t o  t h e  d i f f e r e n t  samples used. 

Only t r a n s v e r s e  wave s i g n a l s  are d i s t ingu i shed  i n  t h e  case  of steel  

Table  3. Wave V e l o c i t i e s  

Veloc i ty ,  m / s e c  

Material Measured Value Reported Valuea 

ct Ct 

A 1  um inum 6400 3120 6420 3040 

Brass 4550 2250 4 700 2110 

Copper 5000 2450 5010 2270 

S t e e l  3330 3240 

%. E. Gray et a l .  , eds.  , American Institute of Physics Handbook, 
M c G r a w - H i l l ,  New York, 1957, p. 3-80. 

CONSIDERATIONS ABOUT MODE CONVERSION 

Echo s i g n a l s  s i m i l a r  t o  t hose  i n  F i  
convent ional  piezo e lec t r ic  t ransducers .  However , a proper explanat  i o n  
of t h e  phenomenon w a s  no t  made i n  any of t h e  re ferenced  works. 

7 have a l r eady  been de tec ted  by 

' 5J. K r a u t k r b e r  and H. K r a u t k r k e r ,  UZtrasonic Testing of MateriaZs, 
Springer-Verlag, New York, 1969. 

' 6W. Grabendb'rf er and J. Krautkrimer , "Impuls-Echo-Prcfung a n  

17M.  A. Kassem, "Echo-Phantoms,'' Iron Steel Inti 29(12) : 503-9 (1956). 

Plat tenfgrmigen Korpem," 2. MetaZZk. 49: 22-26 (1958). 
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The mode conversion between a l o n g i t u d i n a l  wave and a r a d i a l l y  
po la r i zed  t r a n s v e r s e  wave i s  very  d i f f e r e n t  from t h e  mode conversion 
between a l o n g i t u d i n a l  wave and a l i n e a r l y  po la r i zed  t r a n s v e r s e  wave. 

beam l e a d  u s  t o  t h e  fol lowing s imple cons ide ra t ions  t h a t  h e l p  us  t o  under- 
s t and  t h e  mode conversion between a l o n g i t u d i n a l  wave and a r a d i a l l y  
polar ized  transverse wave. When a l o n g i t u d i n a l  wave t h a t  has  a n  a x i a l l y  
symmetric i n t e n s i t y  d i s t r i b u t i o n  arrives a t  a boundary [see Fig .  1 3 ( a ) ] ,  
i t  deforms t h e  boundary. A po in t  A on t h e  boundary i s  d i sp laced  n o t  only 
v e r t i c a l l y  bu t  a l s o  h o r i z o n t a l l y  by t h i s  deformation. Hor izonta l  d i sp lace-  
ments d i s t r i b u t e  symmetrically around t h e  a x i s ,  producing a r a d i a l l y  
po la r i zed  t r a n s v e r s e  wave. 
arrives a t  a boundary [see Fig.  1 3 ( b ) ]  and causes  a r a d i a l  h o r i z o n t a l  d i s -  
placement, some of t h e  material i s  squeezed out  v e r t i c a l l y  because t h e  
material  can not  s h r i n k  i n f i n i t e l y .  Consequently, a p o i n t ,  B y  on t h e  
boundary is d isp laced  no t  only h o r i z o n t a l l y ,  bu t  a l s o  v e r t i c a l l y ,  and some 
l o n g i t u d i n a l  wave i s  generated.  When a l i n e a r l y  po la r i zed  t r a n s v e r s e  wave 
arrives v e r t i c a l l y  [see Fig.  13(c)] a t  a boundary and causes  a h o r i z o n t a l  
displacement ,  no ver t ica l  displacement occurs  because a one-d i rec t ion  
h o r i z o n t a l  displacement can be  absorbed i n t o  t h e  spreading material  without  
causing any ver t ica l  displacement.  

The r e s t r a i n t  by t h e  s o l i d  s u r f a c e  and t h e  sharpness  of t h e  u l t r a s o n i c  

When a r a d i a l l y  po la r i zed  t r a n s v e r s e  wave 

ORNL-OWG 75-5784 

=> DIRECTION OF WAVE PROPAGATION 
_--- - TRANSVERSE PARTICLE DISPLACEMENT - LONGITUDINAL PARTICLE DISPLACEMENT 

.u. 
I 

( 0 )  i (6) 1 .  ( c )  I 
F ig.  13.  I n t e r a c t i o n s  of Inc iden t  B e a m s  of Ultrasound wi th  Surface ,  

Showing P o s s i b i l i t y  of Mode Conversion. (a )  Inc iden t  l o n g i t u d i n a l  wave 
produces l a t e ra l  compression, gene ra t ing  r a d i a l l y  po la r i zed  t r a n s v e r s e  
wave. 
t r ansve r se  wave sets up l o n g i t u d i n a l  v i b r a t i o n s  i n  r e f l e c t e d  wave. 
(c )  V ib ra t ions  of i n c i d e n t  l i n e a r l y  po la r i zed  t r a n s v e r s e  wave are not  
r e s t r a i n e d ,  s o  no mode conversion occurs .  

(b) Lateral r e s t r a i n t  of v i b r a t i o n s  from i n c i d e n t  r a d i a l l y  po la r i zed  
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? 

Very h igh  s e n s i t i v i t y  and s p e c i a l  care are necessary f o r  both a 
l o n g i t u d i n a l  wave and a r a d i a l l y  po la r i zed  t r ansve r se  wave t o  be  de t ec t ed  
by a p i e z o e l e c t r i c  t ransducer  made f o r  a l o n g i t u d i n a l  wave. 15-’ 
case of a convent ional  p i e z o e l e c t r i c  t ransducer  , t h e r e  is  usua l ly  a l i q u i d  
l a y e r  between t h e  t ransducer  and sample ( see  Fig.  14 ) .  
waves (ti) can t ravel  through l i q u i d .  A l o n g i t u d i n a l  wave (22) and a small 
amount of r a d i a l l y  po la r i zed  t r a n s v e r s e  wave ( t 2 )  are generated a t  t h e  
boundary of l i q u i d  and s o l i d  through mode conversion. A t  t h e  far  end of 
t h e  s o l i d ,  mode conversion occurs ,  and both  waves (23, t3) are generated.  
The l o n g i t u d i n a l  wave (23) is de tec t ed  e a s i l y  as l o n g i t u d i n a l  wave ( 2 4 ) ,  
bu t  t h e  r a d i a l l y  po la r i zed  t r ansve r se  wave (t3) can be  de tec ted  only as 
l o n g i t u d i n a l  wave (25) a f t e r  mode conversion a t  t h e  boundary. Thus, very  
high s e n s i t i v i t y  and s p e c i a l  c a r e  are necessary t o  d e t e c t  25, s i n c e  i t s  
amplitude has  been made smaller and smaller through several mode conversions 
and is  too  small t o  be  de t ec t ed  by u s u a l  techniques.  

I n  t h e  

Only l o n g i t u d i n a l  

ORNL-DWG 7 5 - 5 7 8 5  

I I 

e: LONGITUDINAL WAVE 

- - -: R A D I A L  LY POL A R CZ ED 
TRANSVERSE WAVE 

LIQUID L A Y E R  

SOLID 

Fig.  14.  Mechanism of Detec t ing  Transverse Ul t r a son ic  Waves wi th  
a P i e z o e l e c t r i c  Transducer.  
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C ONCLUS I O N  

The e lec t romagnet ic  u l t r a s o n i c  t ransducer  generated and d e t e c t e d  a 
r e l a t i v e l y  l a r g e  amount of r a d i a l l y  po la r i zed  t r a n s v e r s e  wave and a small 
amount of l o n g i t u d i n a l  wave i n  nonmagnetic samples. The c h a r a c t e r i s t i c s  
of t h e  t ransducer  f o r  a ferromagnet ic  samplewere  d i f f e r e n t ,  mainly because 
of t h e  d i s t o r t i o n  of t h e  magnetic f i e l d  by t h e  sample. 
experimental ly  wi th  t h e  e lec t romagnet ic  t ransducer  t h a t  t h e  mode conversion 
between a l o n g i t u d i n a l  wave and a r a d i a l l y  po la r i zed  t r a n s v e r s e  wave occurs  
wi th  a f a i r l y  good e f f i c i e n c y  a t  t h e  v e r t i c a l  r e f l e c t i o n .  

It w a s  a l s o  shown 
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