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i s i眼 m e t ho d fo r t h e ea lr y d e -
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T h e i n t e r

耐
t iss u e a x i al d is p l a e
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e n t s er s u l t ign f r o r n a
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c o r n rP e SS l o n e e
ho w in d o w s

.

T h e
ax ia l s t r ia n p or f il e
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p or Po s e d a e o n e e Pt o f s t ar in if l t e r a s a
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wo
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e t e r i z e t h e P e过o r m a n e e
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T h e s t r a i n f il t e r e o n e e p t i n d i
-

e a t e s t h a t t h e e las t o g r a P h i e P e讨o r m a n e e 15 l im i t e d b y

d e e o r r e l a t ion on i s e i n d u e e d b y a x ial s t ar i n fo r la塔 e

t i s s u e s t r a i n v al u e s , a n d e l e e t or n ie on is e fo r OI w s t r a i n

v a l u e s
.
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t h e d e e o

err la t i o n e

ffe
e t o f

oT
s t u d y d e g r a d a t io n o f t h e el as t姐 ar p h ie q u al i t y

i n t or d u e e d b y t h e lat e r a l an d e l e v a t i o n al m ot io n s of
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t o w a r d i t s e d g e [ 13 ]
.
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ot t a l n
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.
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-

er t ica l a n a lys i s o f t h is a l r e a d梦 P r e s e n t e d t i s s u e a x i a l
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mo de l

.
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一
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-
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we
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-
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一 Co r n P r e ss fo n e e

ho
e s ,

t h e d e co rr e l a t ion
e
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e t

t h a t 15 d e p e n d e n t o n t h e b e a m w id t h
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eam 卯

5 1
-
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, e a n b e e x P la ien d a n d p r e -

d i e et d t heor
e t i e a l l y

.

1 M o d e l

A Z
一

D s e a n n i n g m o d el w it h a l
一

D a

arr y t ar n s -

d u e e r 15 us e d i n t h is st u d y
.

T h e e e
ho

o b t a i n e d b y t h e

u l t r a , o u n d b e a m lo e a t e d a t x e a n b e o b t a i n e d as f o l
-

low
s [13 ] :
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,

刃
`

(P x ,

刃
一

且
* ( X

` ,

,
`

, , `X

一
’ ,

, 一 , ” ` X
’

d ,

( 1 )

w h e r e k ( x
,

夕 ) r e p r e s e n t s t h e s e at t e r i n g r es 卯
n s e o f

t h e d i s e r e t e s e a t t e r e r s ,

P ( x
,

少 ) 15 t h e P S F a t t h e fo
-

e al ozn
e

of t h e a r r a y t r a sn d u e e r , ` , ’

d e
on t e s t h e

e o n v o l u t i o n o p e r a t i o n ,
x a n d 夕 a r e ht e l a t e r al a n d a x -

i a l cco
r d i n at e s , r e s P e e t i v e l y

.

hT
e s e a t t e r i雌 er s

oP sen k ( x
,

夕 ) e a n b e d e -

s c r ib e d as fo l l o w s [ 13〕 :

* ( x
,

, ) 二 x
:

·

习己、 ·

a ( x 一 x ` ,

, 一 、 )
,

( 2 )
泣之 1

w h e r e K
:

15 t h e s e a t t e ir n g co n s t a n t

coe ff i e i e n t
,

d ` 15

t h e d i a
me

t e r o f t h e 艺t h s e a t t e r e r , n 15 t h e
ot t a l n u m

-

b e r o f s e a t t e er sr w i t h in tha t i ss u e , a n d 占( x
,

y ) d e -

ont
e s t h e Z

一

D D iacr d e l t a f u n e t i吹
,

( x 、 ,

夕` ) r e p r e -

s e n t s t h e s p a e e

loc
a t io n o f t h e 1 t h s e a t t e r e r

.

In t h is

wo
r k

,
t h e s e a t t e er r fo e at io n i n t h e t i ss u e 15 t a k e n a s a

2
一

D ( s p at i al ) oP isso
n p or e e ss

,

w h o s e in t e n s i t y er p r e -

s e nt s t h e

vae
r昭 e d e n s it y o f s e a t t e er r s [ 14

·

1 5 ]
, a n d t h e

s e a t t e r e r d i a m e t e r 15 t a k e n a s a
on

r r n a l d is t ir b u t io n
.

I n t h i s m o d e l
, a l l of t h e sc a t t e r e sr a er e o sn id e er d t o

b e p o in t r e f l e e t o sr a n d t h e m u l t ip l e s e at t e r ign 15 19
-

on
r e d

.

H e r e t h e s e at t e r i雌
r e s p o n s e 15 s im p l i f i e d ot b e

p r o p o rt io
aln ot t h e s e a t t e r e r d i a m e t e r

( k OC d )
.

M o r e

g e n er al l y
,

t h e s e a t t e ir 昭
r e s
脚sn e 15 a ss u m e d ot b e

p r o p o rt i o n a l ot t h e s e a t t er er d iam
e t e r p o w e r e d t o

叮 ( k OC d q ,

1( g 簇 3 )
,

hw
e r e 叮 15 a m e d i u m d e p e n -

d en t e
on

s t a n t [ 16 ]
.

H ow ve e r ,
t h e e

xa ct v a l u e of 9 55

n o t im P o r t a n t i n t h e a n a liys
s h e r e

.

In a d d i t ion
,

t h e

f r e q u e n e y d e P e n d en ce of t h e s ca t t e ir n g r e s P o n s e 15 n o t

co sn id e er d fo r s im P l i ify gn t h e P or b le m
.

I n t h e fo e al a er a ,
t h e P S F m a y b e m o d e l e d b y

t h e fo l lo w in g s e p a r a b le fo mr [ 13
, 17

,

18 1 :

p ( x
,

y ) 二 p l ( x )九 ( y )
,

( 3 )

w h eer 九 ( y ) a n d p `
( x ) a er t h e a x sa l a n d l a t er al P S F

co m和
n e n t s

, r e s p e e t iv el y
,

In t h is wo rk
,

P
。

(夕 ) i , a s -

s u m e d t o b e a z e or m e a n G a u ss i a n m o d u la t e d c o s i n e

p u ls e
.

T h e l a t e alr P SF co m卯
n e n t of a n u n a

卯 d iez d
,

er e t a n g u l a r t ar n s d u e
er

a p e rt u er ( on t co n s id e ir n g g ar t
-

i飞 IOb es ) 15

P ` ( x ) =

一

号成
二 < 仪尹

2
’

( 4 )

o t h e r , v i s e
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2 T h e o叮

In e la s tgo
r a P h y

,
t h e r e a r e t

so u

cer
s

aff
e e t i雌 t h e p e

而mr
a n e e

of

丫V O m aJ O r ll o l se
a x i al t im e d e l a y

( 1
.

e a x ial d is p lac
e m e nt ) e s t im at io n : t he

r a n d o m

e l e e t or n i e on i s e o f u l t r a 3 o n i e isn t ur r n e n t s a n d t ha
d e co r r e l a t i o n on i s e

.

OB t h o f t h e m e a n er d u e e t h e p e a k

v al u e o f t h e e
or ss

一 e o r r e l a t i o n f u n e t i o n b e t w e e n t h e

P r e 一 a n d op
s t

一

co m p r es s i o n e e
ho

e s
.

T h e e l e e t or in e

on is e e a n b e e h aar
e t e r i z e d b y t h e so n o g r印h i e SN R

.

If a s i g n a l 5 1 (夕 ) a n d i t s d e l a y v e sr i o n 5 2 (夕 ) a er co r -

r u P t e d b y u n e o r r e l a t e d on i s e ,
t h e P e a k v a l u e

of t h e

e
or 胳

e o r r e l a t io n
fu

n e t io n 15 r e la t e d ot a e o r er lat i o n

SN R b y [1 9 ]

e r o s , co err la t i o n f u n e t io n b e t w e e n t h e P r e 一

an d p o s t
-

e o m p r e ss i o n e e
ha es l r o m t h e s t ir p b e

com
e s t h e

cor 骆
co r r e l a t io n f u n e t io n b e t w e e n t h e Per

一 a n d P o s t
一 e o m

-

Per s s i o n co m P o u n d oP i
oss

n im P u

lse P or
e es s e o

von l v
-

i n g t h e a u t -o co r r e l a t i o n o f t h e f i l t e r im P u l s e r e s
op ns e

.

S u m m ign t h e e r o

-ss co rr e al t i o n f u n ct i o n b e t w e e n t h e

p er
一 a n d p o s t

一 e o m p r e ss i o n e e
ho

e s

ofr m a l l s t r i p s ,
t h e

e

osr
s 一 co r er l a t i o n f u n e t io n 15 o b t a i n e d a s fo l fo w s :

R
· , . , 2

(少 )

_

丁
* `。一

)丸 ( lj 一 ( 1 + 、 ) X , )、
:

了{户
。

·

湍
一

; )、
1 ·

{
, : ( lj 一 ( l + 、 ) X l ) a X I

( 6 )

S N R , =

R
· 1, : 2

( 夕。 )

1 一 R
! , , · 2

( y o )
’ ( 5 )

w h e r e R
: ;

.
, 2

( 少 ) r e p er s e n t s t h e e n e堪 y
一 n o

mr al i z e d

e

osr
s 一 co r r e l a t io n f u n e t io n b e t w e e n t h e P r e 一

co m P r e s -

w h e r e R
! 1, : 2

(少。 ) d e
on t e s t h e p e a k v a l u e o f t h e e n e r -

g y
一 n o

rm
a l i z e d e

orss
一

co r r e la t i o n f u n e t io n b e t w e e n

: 1 ( y ) a n d 5 2 ( y )
, a n d y o 15 t h e t im e d e l a y o f : : ( y )

r e la t i v e t o : 1 (少 )
.

I t e a n b e s e e n f
omr

E q
.

( 5 ) t h a t

t h e v a lu e
of co rr e l a t io n SN R in e r e

ase
s

on ul i n e a r ly as

t h e p e a k v a l u e o f t h e e
or

s s 一 co r er la t i o n f u n e t i o n i n
-

C r e 8 S e S
。

In o u r P er v i o u s w o kr
,

t h e P er
一 a n d p o s t

一 e o m
-

p r e s s i o n e e
ho

e s e a n b e d e e o m p o s e d i n ot t
wo

u n c o r r e -

l a t e d P a r t s ,

1
.

e
.

t h e s i g n a l Pa r t a n d t h e
on i s e P a r t

.

In

t h e t iss u e a x i a l s t er t e h i飞 m o d e l
,

t h e t im e d e la y i s e -

q u a l t o z e or
.

B e e a u s e t h e d e co r r e l a t io n on i s e i n t or
-

d u e e d b y t iss u e l a t e r a l d i s p l a e e m e n t s er d u e es t h e p e a k

v al u e o f t h e e
or

s s 一 co rr el a t io n f u n e t i o n ,

as w el l a s t h e

e le e t or n i e on is e ,
t h e d e e o rr e la t i o n

on is e m a y b e e q u iv
-

a le n t t o a n e l e e t or n ie on i s e u s i n g t h e s a m e r e l a t i o n as

E q
.

( 5 )
.

T h us t h e de e o r r e l iat on
c
an b e 。 h ar a e t er i z e d

b y t h e P e a k v a l u e o f t h e e
or

s s 一 e o

err la t i o n f u n e t io n

b e t w e e n t h e P r -e a n d P os t
一 e o m P r e ss i o n e e h o e s

( R
: :

, : 2

( o ) )
·

In A P P e n d i x A
,

t h e e

osr
s 一 co r r e l a t io n f u n e t i o n 15

t heo r e t ie a l l y d e d u e e d i n d e t a il
, o n t h e a ss u m p t i o n

t h a t a h o m o g e
on

u s i so t or p ie t i s s u e 15

com
P r e ss e d b y

a n in f i n i t e co m p r e

sso
r w it h a P e

fer
e t sl i p b o u n d a r y

,

a n d s t r e t e h e d b a e k i n t h e a x i al d i r e e t i o n
.

T o o b t a i n

t h e a n al y t i e a l e x P er s s i o n of t h e e
or -ss co r r el a t io n f u n e -

t i o n
,

t h e a r e a
of i n t e g r a l e a le u l a t i o n i n E q

.

( 1 ) 15 d i
-

v id e d i n t o lo t s o f on von
e lr a P P ign t h i n s t r iP s

.

T h e e -

e
ho f

omr
a st r iP e a n b e r e g ar d e d as t h e o u t Put of a

C O r n
op

u n d oP i
sso

n im p u l s e p or e e ss p ass i n g a li n e a r f i l
-

t e r
.

A e e o r d i眼 ot t h e Por P e r t i es o f a li n ea r f il t e r ,
t h e

s i o n e e
ho (

, 1
( y ) ) a e o m P er s s i o n e e

ho
( : 2

( y ) ) i n t issu
e a x i al

1 t h e P os t
-

s t er t e h i雌 m o d e l
,

15 a n d ` x

r e P er se n t t h e b e a m Po s l t i o n a n d t h e la t e r a l s t r a i n
,

R气 ( 夕 ) 15 t h e a u

-ot co r r e l a t io n f u n e t io n of t h e a x ia l

p SF co m p o n e n t ( P
。

(夕 ) )
:

R。 ` , , 一

丁
,
。 ` ,

`

) ,
。

( ,
`

+ , ) d ,
’ ·

( 7 )

T h u s t h e Pe
ak va l u e o f t h e e

or
s s一 co r er l a t io n

f u n e t i o n 15 o b t a i n e d a s

R
, ; . , 2

( o )

P` (心一 x : ) P , ( lj 一 ( 1 + ` ) x l )dx
l

{
p : (。一

) d二 1 ·

{
p : (。 一 ( 1 + ` ) x , ) d x l

( 8 )

玩 助
5

.

(6 ) 朋 d (8 )
,

het ~
P`

il( 一 x l ) can be
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alr 户粥 i t ion xl ot het
p州卜
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悦 a tt 幻b u t ed ot t hi s 以乏 tt 曰陀r ot t h e 户万 t

,

印m Pn 改妇 l o n

ec ho
.

T h e er fo er
,

lP l(j 一 x : ) lP l(j 一 ( 1 + ` ) x l
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l

C a l l be C o n` l d即司 ot be het co n州 b u it on of 如
s 岌万 t t e r e r ot

t h e

am P Iit u d e of het ~
印优la ti o n fun ct ion

; a n d het
`

wntt {
丸 ( lj 一

; ) , ` (。 一 ( 1 + 、 ) X ,
) dX

:

aosenetthe o v e拢 llI co 川五 b u it o n of all it ss u e 歇万 t t e er sr
.

T h e et l l n

了{
p , (、 一

, )dx
l ·

{
p : (。

一 ( 1 + 、 ) X
l
) d x l 、

-

几城咫 t h e on nr 过 i妥吐 ion 场 t h e e ne 任 , of t h e p -er an d 户万 t
~

① m Pn改治 l o n ce hc 咫
.

In E q s
.

( 6 ) a n d ( 8 )
,

t h e x l

coo
r d i n a t e 15 r e l a

-

t iv e t o t h e t ar n s d u e e r s y m m e t r i e a x i s
.

oT
s im p l if y
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E q
.

( 8)
,

l e t x “ x : 一 lj
·

I t m ea n s t h a t t h e

ccor
d i

-

n a t e a x i s of x 2 m vo
e s ot t h e c e n t e r o f t h e b e a m ( b ea m

p o s i t i o n )
.

U s i飞 t h e e ve n s y

mm
e t r y of P I ( x ) g i v e n

b y E q
.

( 4 )
,

E q
.

( 8 ) 15 r e w ir t t e n a s

R
: : , , 2

( o )

户:
( x ) P `

( z + 。挤, + 。
声 ) d工

丁
p圣(

二 ) d!
·

丁
p : (

二 十 e、 + 。
, ,` 二

( 9 )

f r o r n E q
.

( 1 )
.

H e r e t h e u l t ar so n i。 r a n d o m on i se 15

on t t a k e n i n t o a e co u n t
.

T h e e c h o w i n d o w s a r e s e Pa -

ar t e d ot b e
on on

v e r l a P p i雌
a n d 3 m m i n w i n d o w

l e n gt h
.

T h e s im u l at i o n r e s u l t s a r e a e h i e ve d f or m t h e

va e r a g e of 5 0 i n d e p e n den t s im u lat ot sn
.

F ig
.

1 Pr se e n t s t h e e
or

s -s co r r e l a t i o n fu n e t i o n i n

t h e o yr a n d s im
u la t i o n

.

T h e b e a m w id t h
,

t h e b ea m

op
s i t i o n a n d t h e la t e r al s t r a i n

aer 1
.

5 m m
,

15 m m a n d

0
.

0 0 4
,

er s P e e t i v e l y
.

I t s e

em
s t h a t t h e r e s u lt s i n s im

-

u l a t io n a r e e lose
t o t h a t i n t heo 仔

.

T h e r e 15 a n im p l i e i t t e

mr
t ha t in fl u e n e es t h e p e a k

v a l u e of t h e e
or

s , e o r r e la t i o n f u n e t io n g i v e n b y E q
.

( 9 )
.

I t 。 a n b e s e e n f or m E q
.

( 4 ) t h at t h e b e a m

w id t h d e t e

助 i n e s t h e l a t e ar l P S F

com 卯 n en t of t h e

t ar n s d u e e r ( P` ( x ) )
.

T hus t h e b e a m w id t h ( w ) 15

o n e o f t h e af e
ot sr t h a t i n fl u e n

ce t h e e

osr
-s co err l a t io n

fu
n e t i o n

,

as w e l l a s t h e b e

am 卯
s i t i o n ( lj ) an d t h e

la t e r a l s t r a in ( 。
二

)
.

3 S im U la t i o n

1
.

0

0
.

8

0
.

6

0
.

4

0 2

0

一 0
.

2

一 0
.

4

一 0
.

6

一 0
.

8一

一 T he o yr

一 S i m u lat io n

S im u la t i o n e x p e r im e n t h a s b e e n e a r r i e d o u t ot

t e s t t h e t h eo r y P r e s e n t e d i n t h i s w o kr
.

T h e s e a t t e r e r

s p a t i a l d is t ir b u t i o n i n t h e t is s u e 15 t a k e n a s a Z
一

D

oP i s阳n p
ocr es s ,

w h e er t h e i n t e n s i t y 入 r e p r e s e n t s t h e

a v e r a g e d e n s i t y o f t ss s u e s ca t t e er sr [ 14
, 15 ]

.

In t h is p a -

p e r ,
t h e va e r a g e d e n s i t y o f s e a t t e r e r s (几 ) 15 e q u al ot

16 /m mZ
,

t h e l e n g t h a n d w id t h o f t h e t is s u e a r e
bo t h

s e t t o b e 6 0 m m
.

T h e s e a t t e r e r d i a m e t e r 15 s im u l a t e d

a s a t r u n e a t e d on mr
a l d i st r ib u t io n w i t h a n va

e r sg e o f

0
.

0 5 m m
, a s t a n d ar d d e v i a t io n o f 0

.

0 1 m m
, a m i n i

-

m u m o f 0
.

0 1 m m a n d a m a x im u m o f 0
.

10 m m
.
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~
et ser
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00 4 ; be am , 乃 lt
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b
aem

w id t h 钊 = 1
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s r n r n
.

F i g
.

2 s h o w s t h e p ae k v a l u e o f t h e e
or

s s一 e o r r e la
-

t io n f u n e t io n
ob t h i n s im u lat i o n a n d d i r e e t e a le u la t i o n

of E q
.

( 9 ) u s i飞 t h e n

um
e r i e a l i n t e g alr m e t h o d

,

w i t h

d i ff e r e n t b e

am op
s it ion

s a n d l a t e r a l s t r a i n s
.

sA t h e

b ea m P o s i t i o n i n c r e a s e s ,
t h e P e a k v a lu e of t h e e

or
s s -

co err la t i o n f u n e t i o n d e e

ear
s e s s t ea d i l y

,

p a r t ie u la lr y

w i t h a l a r g e r lat e
ar l s t ar i n

.

卜,.....,lr..ee.ù、J00
矛自月,乙了Oōfàlxo00n

ù
0

息二三。艺况
。

昌艺
日屺吕省
.一p匕。?留日O

T h e a

arr y t ar
n s d u e e r 15 m o d le e d b y a e e n t e r f r e -

q u e n e y fo
o f 3

.

5 M zH
, a n d a ba n d w id t h d e if n e d b y

t h e q u a li t y f a e t o r Q = 3
.

5
.

T he q u a l it y fa e
ot

r Q 15

d e f ien d a s Q = f0 /△了
,

w h e r e △ f 15 t h e b a n dw id t h a t

h a l-f oP w e r ( 一 3 dB ban dw id t h ) i n t h e p o w e r s p e e -

t r u m o f t h e la t e r al P SF
e

om卯
n e n t ( P

。

(夕 ) )
.

T h e t i s s u e 15 s im u la t e d as
a
ho m o g e

on
u s

el a s t i e m e d i u m
.

W h e n a n a x i al s t r a i n 。 , 15

一 Th e o
yr 佩 = .0 00 0)

一 T he o yr 帆 , 0乃04 )
,

一 Th e o口 (乓 = .0 00 8)

一 T五e o尽 (乓 二 .0 01 2)

t h e t i s s u e u n d

15 t h e

OP i义劝 n

e r g o e s a la t e ar l st ar i n ` x = 呢 ,

i so t or Pi e

aP p l i e d
,

w h er e 少

P r e s s i o n a n d a ix al

ar t io
.

T h e s im u la t i o n o f Z
一

D c o 扣n -

s t r et e h i呢
e
an b e s im p l iif ed t o e o m

-

P r e s s m e r el y i n t h e l a t e r al d i r e e t io n w i t h t h e l at e r a l

s t r a i n e x
.

T h e s P ee d o f so u n d i n t h e m e d i u m 15 s e t a t

a co n s t an t v al u e o f 1 5 4 0 m八
a n d ht e

sam
p l in g ar t e of

u l t

asorn
i e e e h o e s 15 4 0 M H Z

,

cA co dr i呀 ot t h e P er
-
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B e

am po
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a n d

t h e

p 0 s
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a
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义a t t e r e招
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.
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~
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~ c o r r el a t io n f u n c t l o n w i t h a n ar r o 、 v
er b e
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! ’ d二
( 1 1 )

0 5 1 0 1 5 2 0 2 5 30 3 5

B e
am op si t ion (m m )

w h e r e t h e b e

am p os i t i o n a n d t h e la t e r a l s t
iar

n a er u -

n i t e d t o o n e p a ar m e t e r ,

i
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e
.

t h e l a t e r a l d i s P la e e m e n t
.

A s t h e l a t e
ar l d i s p l a e e m e n t in e r e as e s ,

t h e p e a k v a lu e

o f t h e e
or ss

一

co r r e l a t io n f u n e t io n d e e er as
e s

.

T h a t 15 t o

s a y
,

t h e d e co r er l a t io n o f p er
一 a n d p o s t

一

co m P r e s s i o n e -

e
ho
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T h u s E q
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w h e r e l j 一

j t h b ae m
,
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,

an d 勺+

号
a er t

wo竺2S i n e e t h e co r er la t i o n SN R i n t h e P r e 一 a n d Po s t
-
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P er ss io n e e h o e s 15 d i er e t l y er l a t e d ot t h e Pe a k v al
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s i t i o n a n d t h e l a t e ar l s t r a i n a er
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am et e sr of d e
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e e t i n
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r al di s p l a
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2 an d F i g
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t h e Pe
ak va l u e o f t h e
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R
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b e co m e d e e o r r e l a t e d co m P l e t e l y
.

S in e e t h e l a t
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W h e n u l t ar os u n d b e

am 15 af r e
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·
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.
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。
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5 m m a n d t h e la t e r al s t ar i n 。二 二 0
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t h e p r e 一
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a t t h e
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a r e

com
p l e et ly d e e o rr e la t e d
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t h e s e s i t u at ion
s ,

al l t h e s e at t e r e sr i n t h e so u n d b e

am
b e fo r e c o m p r e

iSS on vmo
e
ou t af t e r e

om
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.

T hu
s

t i s s u e
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men
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r
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T h e n e w l y
一

dve e l o P e d t i ss u e a x i a l st re t e h i呢

om d e l se p a ar t e s t h e d e e o rr e l a t io n e

ffe
e t i n d u e e d b y

l a t e r al d i s p lac em
e n t s f or m o t h e r d e co r

re la t i o n

os
u r e e s

.

T h e t h oe r e t i e al a n a ly s i s i n t h i s Pa p e r h e lP s
ot

u n d e r s t a n d om
r e d i st i n e t l y t h e d e e o rr e l a t i o n e ff e e t

a n d t h e d印 e n de
n e e

of
osm

e p a r

am
e t e r s ,

i n e l u d i飞 t h e

b e a m w id t h
,

t h e b e a m P os i t i o n a n d t h e la t e r a l s t r a i n
.

I t 15 hs ow
n t h a t t h e d e e o rr e lat ion on i s e idn

u e e d b y

t is s u e l a t e ar l d is Pl a e e m e n t s m a y b e r e d u e e d b y d e -

e er a s i n g t h e la t e r a l s t ar i n
,

此 i n g t h e e e n t ar l b e a m s
of

t h e t ar n s d u
ce

r a n d a p P l y i昭 er la t ive ly an orr w u l t ar
-

so u n d b e

am
s

.

oH w e ve r ,
t h e s e m e t h od

s a er q u i et l im
-

it e d a n d on t P ar e t i e a l i n r n o s t P r a e t i e a l s i t u a t i o sn
.

oF
r

e x

am
P l e

,

d e e r e as in g t h e l a t e r a l s t r a in a lso d e e r e
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e s

t h e SN R in el a s
ot g r ap h y s i n e e t h e a x ial s t r a i n a lso d e -

e r e a s e s i n P r a e t ie e
.

U s i n g o ul y t h e e e n t r a l b e a m s er
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.

T h e er fo r e , a Z
一

D s P a t i a l

com
P r e h e sn i v e e

or
s s -

e o r r e l a t io n m e t h o d w as p or p o s e d in o u r P er v io u s w o r k

ot r e d u e e t h e d e co r r e lat i o n
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am
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T h e p e r f o mr
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.
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,
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.
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