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Divisional Note No. 46291
June 1978

DIFFRACTION AROUND FINITE PLANAR BAFF LES

PRE~ IS

1. The diffraction of sound around the edge of’ a hal f plane is considered in
order to gain some insight into the effect of positioni ng sonar arrays on or nea r
finite baffles. Some useful approximat ions are derived and demonstrated f or the
pressur e levels due to a single source at endI’ire and also directly behind both
soft and hard baffles. Comparisons are made with the assumption of an infinite
baffle and the usual approximation for dealing with an array on a finite hard
baffle is questioned.

UNC LASSlFIED/UNLIMITE~
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INTRODUCTION

2. Tniu note considers the di f f ract ion of sound around the edge of  a r~aii
in )rier to gain some insight into the effect of posi t ioning sonar nydro—

pt~ ne • and. arrays on or near finite baffles.

3. It i.~ of particular interest to determine the influence of a finite baffle
upon tne ~iiffracted field at endfire, arid also the effect of different baffle
impedances upon the fieLi behind the baffle.

4. Nornai.ly ~r~er. considering the directivity pattern of an array in the
prcoence of a finite baffle, a multiplicative factor is suggested as a modifica—
t~ on to the relatively easily computed infinite baffle pattern. The necessity
and correctness of this procedure for soft and hard baffles is also discussed.

T1~~ORY

5. Th~. theoretical model is based upon the results of a previous note con-
cerned with diffraction in the presence of a wedge—shaped baffle (Reference i).

6. The normalised farfield pressure of a point source located at (p 0, ~~~~ 
z0)

in the presence of an acoustically soft wedge enclosing an angle a is given by

2 ikz cosO 
~~ ~ nii/ap (O ,~~) = e ~~ 

sin sin 
~nlT/a 

(kp0 sin 8) (i)

1 , En = 2 for n = 1 ,2,...). The geometry for this problem is shown in

?i~ure 1. The farfield pressure has been ncirmalised with respect to the free—
field pressure of the source of strength P0 at the farfield d istance R

~~~ 
e~~~~/4irR). A harmonic time dependence e1Wt is assumed throughout and

omitted and k (= 0/c = 211/A) is the wavenumber, where o is the sp eed of sound in
the fluid and A is the wavelength at angular frequency w.

7. A half plane is the special case of a wedge when the wedge angl e a is
allowed to be 211 radians. The baffle is thus infinitely thin arid perfectly
reflectin g such that there is no tx’ansznisaion throug h the baffle. In this case
expression ( i )  reduces to

ikz cos8 fl~’
p (O,~) = e e sin sin e1~~ 

~~/2 
(kp 0 sin 8) (2)

8. A more convenient representation both to obtain limiting values and for
numerical evaluation , particularly when the argui~~nt of the Bessel functions is
large and a large number of terms would be required to sum the serie s to accept—
able accuracy , is

ikz0cosO 
~~~~ 

id’cos (#— 0)
p (e,~) = e — e F (— ~~~ cos ~

id’cos(~440) F(- ~~~ cos (~~~ ))  }
UNCLASSIFIED/UNLIMITED
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where U ’ = kp 0 sin 8 , F(x) is the Fresnel integral

P (x)  = j e~~~ Ut (if)

ana the minus sign is taken (Reference 2 , Chapter 8).

9. The farf ield solution f or an acoustically hard baffle is given by the
expressions (i~ and ( 2 )  with the product of the two sine terms re p laced by a
prouuct of cosine term s, which leads to the representation (3) above with the
plus sign.

le . Seine us eful pr operties of the Fresnel integral and its numerical evaluation
are describeu in Annex A.

y. ~ .though this molel does not rep resent the true problem of a baffle which is
a~~ ~iirections , it is felt that some insight into the dominant features

of the thysical cas€. may ~e usefully gained. If attention is restricted to the ,
~=3 pLir .a, i.e. oath the source ~ric receiver lie in this plane (z0 0, 8 = 71/2),
t:~e sirnpii:ieo ~~li plane ge ometry is as inuicated in Figure 2. In this investi-
gation the sources will lie in the region 0 

~ ~ 11/2. Then, in terms of the

farfield cirection ~ , i~ = 0
0 is in the dir ection of the infinite baffle, ~ 90

0

is normal to the baffle on the sam e side as the sources, ~ = 180° is in the
airection of the edge of  the baffle on the opposite side to the sources , and

360~ is in the direction of’ the infinite baffle on the opposite sic.e to the
..~ources. The region of particular interest with resp ect to the problem of
finiteness of baffles is then 900 ~ ~ 270°.

12.. The well—known solutions for a point source at a distance U in front of an
infinite (in all diractions ) plane baffle are,

p (~ ) 2 i sin (kd. sin ~
) (5)

2 cos (kd sin ~
) (6)

for s oft and hard baffles respecti vely (0 ~ ~ 11).

TI~~ORETICAL A1’~D NDMERICAL RESULTS

Scurce on a hard baffle

13 .  Consider f irst the case when the source lies on the baffle 
~~ = 0). For

a ~oft baffle the field reduces trivially to zero , as expected , while the result
for a hard baffle is,

~~~~ 
ikp cos~P(11/2, ~) = 

2 — e F (— v’~i cos ~) (7)

~~ .• In particular , in the direction of the baffle edge (
~ = i r)  the field is

-‘ikp0
P(ir/2, IT) e (8)

urc~ na;; unit amp litude , independent of the distanc e of the source from the baffle
edge .

NCtASSIFIEDJ/UNLIMITS~
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1 5. The usual approximation when considering arrays on hard finite ~lanar
baff les is to multiply the directivity pattern derived for an infinite plane

baffle by the factor j (i + cos 8’) where 0’ is the angle mane with the normal to

the baffle. This has the effect of’ leaving unchanged the broadside pattern while
reuuc ing the pressure by one half (6 dB) at endf ire, in agreement with the
result (8).

1 a. Also of interest is the field directly behind the baffle, ~ 311/ 2 . Using
the large argument approximation to the Fresnel integral, given in Annex A, gives

iir/4 —ikp0
P(ir/2, 3v/2) —~ e 1 e 

(9)

and hence

1p(1r/2, 311/2)1 ____ 
(10)

11 12pJA

This result shows tha t the farfield behind a hard baff le  falls off at a rate of
3 cib per doubling of distance of the source from the edge of the baffle. For a
source one wavelength from the edge , th e front to back ratio is approximately
20 dB.

17. Alth~igh a large argument approximation has been used to derive the results
(9~ and (10), the approximation (10) is in error by less than ‘~~dB for sources
as close as half a wavelength to the edge of the baffle.

18. For a source on a hard baffle, Fi~~re 3 shows the effect of moving thesource away from the baffle edge. The theoretical observations descriocu above
may clearly be seen. It is also interesting to observe that ripples have been
introduced into the clirectivity patterns in the region 0 ~ ~ ir, which would not
be present with an infinite baffle. In this case of the semi—infinite baffle the
number of ripples appears to be 2pJA and their deviation from the 6 dE level

grows towards ~ = 180° to about ± I dB.

19. The region 90° ~ ~ 180
° has beenexpanded in Figure L~. which also shows,

as dotted lines, the infinite baffle pattern, log 2, and the finite baffle

approximation, log (2 x ~ (1 + sin f)). It is clear from this Figure that while

the mo~ifying function does lead to a correct end.fire level, it can significantly
underestimate the field of a single source in other directions, and this error
increases as the source moves away from the edge of’ the baffle. Indeed it is
always an underestimate for a source as close as A/2 to the baffle edge.

Source near a hard baffle

20. For a source at (p0, ~~), not necessar ily lying in the baffle , the for—
field is

~~~~ ~ 
ikp0oos(~

.4
0) 1P (r r/ 2 ,4) = — e F (— ~~~~ cos 

~~ 
(~ 

—

ikp cos(~i40) 1
+ e F(— 4/~~~~ cos ~~ (~ + ~~)) ( i i

UNCLASSIFIED/UNLIMITED
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it is interesting to note that at enci f ire , in the direction of the edge of’ the
ba~fie , the field has unit amplitude , independent of the position of the source ,
i.e.

—ikp cosP
p(ir/2, ii) = e ~ (1 2)

Th~ result (8) f or a source lying on a hard baffle is a special case (
~~ = 

a) of’
this more general result.

21 • By varying the position of a single source with respect to the baffle, it
appears that the ~‘essure levels behind the baffle and fall—off rate with dis tance
from the baffle edge are very similar to those for a source lying on the baffle,
‘..‘r~ never the source is nearer to the baffle than to the edge (~~ ~ v/4.). These
results are summarised in Table 1 • The values given in brackets in the first
column are those obtained using the approximate formula (io) .

~rray on a hard baffle

22. ifl order to illustrate the behaviour of an array in the presence of a hard
finite baffle , a line of nine half wavelength spaced sources with the end element
being a half wavelength from the edge of the baffle has been considered.
Figure 5 shows the unsteerea normalised directivity pattern as a continuous line
with the usual infinite baffle pattern superimposed as a dotted line for
0° ~ ~ 180°. In the region of interest, 90° E ~ 180°, the patterns remain
almost identical until very near the endfire direction (180°) with a difference
of less than 1 dB in the penultimate ~idelobe at about 14.0°, but a fall of 6 d.B
at enUf ire for the finite baffle pattern.

23. Figure 6 show s the pattern for the same array steered in the direction
= 150° (i.e. 600 from broadside) with the infinite baffle pattern superimposed.

In this case the d ifference at endfire is 6.5 dB but that fall is relat.ve to
1500 where both patterns are normalised . The patterns are very similar from 900
to 1 500.

24. Although not shown, the approximate factor of .~~ (‘1 4. cos 0’) discussed pre-

viously would. modify the unsteered infinite baffle ~~ttern reasonably well giving
the correct endfire level. The appropriate reduction in each direction may be
seen in Figure ~-. However, for the steered pattern it would predict a drop of
only 3~- UB between 1 50° and 1 80° compared w ith the actual 6t dB fall.

25. It is not intended here to carry out a thorou ~~ study to determine either
one or a set of modifying functions to be applied to infinite baffle d irectivity
patterns to account for finite baffles. However, an improved approximation would
appear to be a factor of the form

/ 0’ — a ‘
~~~-

~~ (i + COS 1 — 2iz/1T,1) 
a ~ 0’ ~ ir/2

to ~e applied w ithin about 30° of end. fire i.e. a = 11/3. This factor is a scaled
version of the usual factor in order to leave unchanged the pattern from broad—
sine to ~ and then reduce it smoothly giving a maximum reduction at 6 UB at
eriafire.

26. A factor of this form is consistent with the patterns of a single point
source shown in Figure 4.. A suitable value of a will clearly depend on such
factor s as the number of’ sources , the steering direction and the baffle size,

UNC1ASS~~IED/tJNLIMIT~D
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although for moderate—si zed arrays wi th baffle s extending by up to a half wave—
i~n~ th, a value of a 60°, 70° would probably be appropriate. In Figures 7
and 8 the infinite baff le  patterns with the modi fying factor suggested above
(with a = ir/3 = 60°) are superimposed upon the finite baff le  patterns for con—
pari~ on. Good. agreement is observed.

27. Figure 9 shows the same array steered to endfire although the resultant
main beam is only in the direction 69° from b roadside . The modified infinite
baffle pattern is shown superimp osed (with a = ir/3) and again there is close
agreement in the region of the main b eam, which is in the direction 72° from
broadside. Note that the unmod ified infinite baffle pattern has a main beam
exactly at enafire . In this case , relative to the main beam level , the f inite
baff le  pattern has sidelobe levels increased by 3—4. dB. If the original modif y-
ing function is taken ~i.e. a = 0) there is better agreement in the region of
the sidelobes but the shape of the main beam (now estimated in the direction 74°
from broadside) is considerably in error, as shown in Figure 10.

Source near a soft baffle

2b. For a source at (p 0, ~~) in the presence of a soft half plane , 
the norma—

lisea farfielO. is given by

ilI/4 I ikp cos(~ -’~ )
= ‘~~

- ~e ~ ° F ~~~~~~~~~~~~ co~ ~~~ 
(~ 

—

ikp coo(~ .s4 ) I 1
— e F (— v’~i~T cos ~~ (~ + ~~

))  (13)

29. At enafire in the d irection of the baffle edge (~ = ir) it may be shown that
the farfield is approximately,

—ik p cosc~ _______

— 2 e111
~
’4 e ~ ~ 

~~ d/~ 
14

for source positions such that and cl/A are small , where d0 = p 0 sin is

the distance of the source from the baffle. This indicates that the f ie ld at end—
fire for a source near a. finite soft baffle falls off at a rate of 3 dB per
doubling of distance from the baffle edge (at a constant distance from the baffle1,
ann increases by 6 dE as the distance from the baffle doubles (at a constant
distance from the edge).

30. After some analysis it may also be shown that the farfield directly behind
the baffle may be approximated as

iir/4. —ikp ~p(ir/2 , 3v/2)~~ 
e i e ~ -

~~~~ 
(is)

for  large p/A and small 
~~~

Ip (v/2 , 311/2) !”’ ° ° (16) H

211 V’2~/A 211 /2d/A.
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cooL~~t 00 )~ :.; tout  to~ f~~ld increases by ~ ctB as toe d~ st a n e  of to . ~~r e
f:oc~ tn~ bai~ i~ ~.toubles (at  constant O tonc e from the dft r ) ,  ar~u J~~:reaoeo sy
by a~ toe aistance from the baffle edge du ~ b lc-~ (for c ist~~ c~ -ot an
fri~ t oy  bailo ).

31 • Thece  c e o u l t o  cave ‘seen v e v D f i e d  by c omputing toe far f i e l i preoo~ re
t~o~ -x ao t expression (13) .  The full directivoty patterno for a OjOrOC at

~ VC~~e0~~t fl  from toe baffle and var i ous distances from toe baf f le  ~~~~ are cLown
:0 F:~ui~ 1~~. A summary of tOe rcc.dts obtained by varying t~~u pos:t or. -of a

o-o~o e  near a sof t  baff le  to gi ven in Tab es 2 and 3. The appr- co.~’ :
uric t ic .) arc giv r1 ~~ brac te whenever t/~ey are wi th in  about 3 uB ~f
vai~~:o , clear ly :emonstrat ing the validity of these approximat i ons .

a soft baffle

32. canE o~oe—element po:nt source array previousd y iescr :bed ss r. ;e -

c:b~re-a ct a distance of one 4uarter wavelengto from a soft nalf  p lane . To ,
:~~~~rec i ir e ct iv i ty  pat tern is sri o~m in Figure 12 c~th toe ~r,f:o:t4 coft so::

p~ct::- rc p~rinpo,;cJ a .~ :t t c c  lone. The too  pa t terns  are aloost ~dentical
v~ oj nc-ar if~ re where toe ~of ~ n~ te baffle patt~-ro pr e i : e t s  a o,~

to~ e f f ec t  of t~ie f:c:te baff~~ to  aclow soana to  c :f f ru : oc-nona toe _e.

~~~~~~ ~~gur-. lj cococ toe oan ar r ay o teerea  oO~ f rom broo tO e , aitn:u:’o
to~ f:octe and r~:ori~te baffle pat terns  toe malr .  beam is ae taaii y Ho~~.

steered t o  570. Sonolarl y Fogur e 14 shows the ~f f e e t  of s teer oog to t -ncf :r
O i t O  b oto t~oe recult~nt beams being only 680 from broadside.

3..  ~~~. eaco f trieo~ examples the only si~~~sfican t e f f e c t  of toe f~ r .:te baff~e

~o ~-:v a r~r.— zero fi c~~ in tOe endfire d i rec t ion  and ben ind. to : b af fl .
:‘r o~ -~~~~ t r .~- b a f f l e  toe .ioueiobe levels and directions change very l : t t l

~ly ~~ mp ot ea n f i o i te  baff le  pattern, and as a first arpr~x~mat i o
cot  app.ar necessary to modify the in f in i t e  baf f le  pat tern to  accoso~

:‘ o..t~, o ) f t  baffle.

DISCUSSION AND CONC LUSIONS

3~~. Toe or- - :ti:n-- :ooults have been derived for  toe ideal cas e of perfectly 
.~~~: ;r oft baffles v_to no transmission through the ba f f l e .  In practoce

ft saffleo can be made relatively t r A i n  whilst  an e f f e c t i v e  t r .:rA card
o i l t  to  arn~ ove. iii air the reverse is true . The concoderat o oc

:~~ z:. f:c.. te taic~cciess and also ftnite impedanc e is a cons o ierabl~o more
b. .:o for -.-.n:co some rigorous and appr oxi mat e analyses are possoble.

r n  -
~~

.- 3 anu 4).

~, only toe farfield of a oocrce in tOe presence of a half plane cue
--0 C Do .. iere- I . Toe nearfield may be calculated if required , an citenfan tion

cut - ~~~. having been given for  toe general  cai~e of a we1g~ of a rb i tr ary
Feference  1 (equation ( 2 ) ) .

3’ . focer toese  r e st r i c t_ on s , and ;~j hen a so~ rce is ( - l o se  t o  on~ edge of a
baffle ooty, some useful  approximations are valid for . i:rces “o or ” t O t  baf:_~ .

a. ~iard ba f f l e :  The f i e ld  of a point source at c n d f :r d  os b c-b
toe nanimucs broadside value , and direct ly beb i n d  t:. bafflc i t  falls off
at a sate of 3 dB per doublsng of distance of toe socr -~ i ’  to c -  so’ . of
toe- baffie. These resuLts are independent of toe sr .or t e et  o fs tance of toe
source from the baffle.

UNCLASSIFIED/UNLIMITED



b. Soft baffle: The field of a point source at er~iflir-t- f-a~l. ff at a
rate of 3 dB per doubling of distance from the edge - il ’ tr.. Luf:, , onole
the field diri~ctly behind the baffle falls off at a rate if ~ dE per
doubl ing  of distance. In each case us the shortest u i o t - J -  . A’ the
from the baffle doubles , the pressure rises by d P.

c. ~~ro.yo: The effect -of a finite baffle oo toe uLre: t~ v~ty patterr . A
an array ~s significant mainly near endfire, par-t :~~.larly A’ ar attempt :s
made to steer the Pews on tho s  d i r ec t ion .  For a nard baffle tt  nec~ o—
sary to rnoc- fy the i n f i n i t e  ba f f l e  pat tern and an approprIate f a c tor  nas
been aiscussed .  For a soft f i n i t e  baf f le  there is closer a~~eemeot witro
the in f tn ot e  b a f f l e  pat tern where toe inabili ty to steer to.~ards end-fire
is already apparent, and no modif ying f ac tc’  has been suggested .
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ANNEX A - THE FRESNEL INTEGRAL

S. The complex Fresnel integral

~ . 2
F(x) = I e 1t at (Al )

x

may be e~~ressed in real and imaginary parts as ,

F(x) ~~~~
{ L C

~~~~~~ x )j-i1 S~~~~~~~x~~
} 

(A2)

where

C(u) 

U 

cos ~ t~) 
dt (A3)

and.

S(u) = (
~ 

t~) ~~ 
(~~)

are the Fresnel cosine and sine integrals respectively.

Now,

F(x) + F(—x) = 2F(O) (A5)

and F(O) = 
A% j 2  

(1 - i) (A6)

For small x,

C(x) A (~ 7)

3
and S(x) ~~ (A8)

For large x,

2
F(x) 

~~~~

. e~~~~ x -, + (A9)

2. The numerical results presented in this note have been based upon the
numerical e valuation of Fresne]. cosine and sine integrals given by CACM
Algorithm 244 (Referenc e 5) where further details of the particular small and
large argume nt series employed may be found.
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Distance from baffle (p 0 sin

0 A/2 A 2A 4A

0 0 — 4 .6 — 5.0 — 5.3 — 5.5

A/2 —10.0 — 9.5 — 8.8 — 8.2
Distance

baffle ~‘ (...13•~~) 
—12.9 —12.5 —11. 7 —10.6

edge
(“0 0~ 2?. —1 5.9 —15.8 —1 5.3 —1 4.2

~~ (~~~ .O) 
—19.0 —18.9 —18.7 —18.2

Table I Pressure levels (dB) in the farfield directly behind
= 31T/2) a hard half plane baffle due to a point

source.

UNCLASSIFED/UNLIMITED
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Distance from baffle (d0 = p 0 sin

A/k A/2 A 2?.

2.0 — 1 . 5  —1 .0 —0.7

A/2 0.7 0.7 0.6

Distance - -

—o .1 —0.5 2.5

~~~~1e 
A 

(-.o.1 ) (—0.3) - 
~~~~ 

1.1 0.0

edge — 9 1  —~~ i 1 9F (~~ 
2i~. (~ 9:1) (3.1) (2:7) —2.2 1.0

—1 2.0 —6. 1 —0.3 2.2 0
~~ (-1 2.0) ~j_6.o) (-0.1) (5.7) - .1

Table 2 Pressur e levels (dB) in the farfield at endf ire
= ir) of a soft half plane baffle due to a point

a our c e.

TJNCLASS IFIED/UN LI}AITED

L ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ 
--

~~~~~



UNCLASSIFIED/TThILIMITED 15.

Distance from bal ’fle (d = p sin

0 
_ _  

~~ .b -
~~~~~~~ -6.7 

_ _

A/2 (...2~ .i) ~~~~ 
—1 4.5 —11.8 —9.9

Distance
from —31 .6 —25.8 —20.5 16
baffle 

A 
(—3 1.3) (—26.1) (—22.6) 

— 
~3

edge
(p cos ~ ) ~~ —4.0.2 —34 .2 —28.4 —2 3. 0 8(— 4.0.1 ) (—~~..3) (—29.1) (—25.6) ~

—4.9.1 —43.1 —37. 1 —31 .3 —25.9
~~
‘ (—49 .1)  (—4.3 . 1) (—37.3) (—32. 2) (—28.6)

Table 3 Pressure levels (dB ) in the farfield directly behind(
~ = 3ir/2 ) a sof t half plane due to a point source .

UNCLASSI FlED/UNLIMITED
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