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On the es t imat ion of long ran ge sound

intensities by ray trace methods

( ‘ . ~~. L I a y
I. r 4~ ~*

‘ 
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.‘ ‘~
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i’he pi oh! 0111 of ed icula U fl4j iöy U ~tc t ’  nt( ’flS it Ic dt h~ n t aug c t

relat ively simple when a tow p art tcu lar  r ay paths t r  0111 the soot cc to the

receiver ar e known.  Our t u t e t  ost here is in the Lu qe t  r a l i q e s  , • e • ,

much qreater than the ‘t skip di s taLic t ’s~ • 1 )i I t t  .i ct iou , ‘ at t e t  i nq and the

changes of the velocity profiles over the Lu qo anqe make i t  (‘OliVt ’nl eflt

even a necessi ty , to r egard the ray paths ~is  being d lst r tbut ed  ovet a

req IOfl of the ocean.
I .

ro avoid argument , agree th at  the par t icular ray p aths from a

source position to a receiver position • r e ij a r d l e s s  ot the t ay , cat i  he

calculated t ’ r  a sound velocity profil e ovet the path . Tempot a! chan ge s

and lack of exact knowledge of the sound ve loc i ty  pr o fi le  make th i s

determin i s t i c  problem a fut i le  exerc i se .  ~~~~~h~iL ~~~ th e  i d y  t i a c i n g
~l 1 _  ~~~~~~~~ 

-

procedure4 pr imar i ly  to determine the aperture at the sowce and the ’

distribution of the energy in the r eg i on  of the eceivei . 1-lence , -~~~~~

\Q~~y-9~~~aete the av e t  age sound i n t e n s i t y , ’ “j  ‘ “ -
~~ 

• ‘ ‘ ‘— ‘ ~~~.

On Fig . 1 , we have shown several d i f fe ren t  classes of rays . At

short range , one has the familiar ray diagrams. At large range , the dis-

trlbut ioit oC the rays produces a4leld somewhat l ike that Indicated on the

right. The angular aperatures of lnsoniftcation a r e  ‘~
8sd’ ~

e
br 

and

For a surface duct , the attenu~Uon limits the range to short distances and

most of Its energy eventually goes into leakage arr ival s .  Their contribution

is generally smafl . At short range , the hycirophones ~~~~~~~ a rid “b ’ may or

may not observe signal as dependent upon the Insonificatton . At large range ,

the energy is di stributed between the tipp et and lower reflection or turning

-
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1-



C (z) AO d a

~rn ~vv vvw~~S ort range 1 rge ange

(a) Surface duct

C (z) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _

(b) Bottom reflection

C (z) 
___________________________ _ _ _ _ _ _ _ _ _

short range large range
z

Fig. 1 Types of ray paths. The areas of insonification are shaded and
only down going rays are shown .
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depths, ‘ c ’ and “d” would receive the signal  for d li  cases. When “ g ” is

beneath the turning depth , as shown for the refraction case , It would not

receive signals except by scattering and leakage effects .

Lu th e calculation of the intensities to follow , we assU me that the

i n t e n sit i e s  due to each type of propagation can be determined sepat  ate ly

and then added together. The dlagzam on Fig . ~ illustrates the geometry for

the r ef racted a rr iva l s .

C (.~
) 

~~ource 
______________

Fig . 2 Maximum and minimum rays for the source
and receiver depths z and zs r

From the figure , it is evident that the energy between the rays from the

source is distributed over the depth at the right.  Let us assume that the

point source gives an rms sound pressure p at distance r from the

source. Ignoring the negligible change of c(z) near the source and for

small ~ 9 , the outgoing energy is proportional to 21T p~~’ r 2 
cos 8

(8 - 8 k ) .  Ignoring , for the present , the absorption and other losses ,

the energy at distance r is proportional to 2 iT r ~ p 2 dz .
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l’ht ’ co n s t an t  ot pi opot t t o n a l i t y  is the t o t  c it tol i  b etw ee n i u t en s i l  y and

p d and I ; ;  t tO ~ii lv  t h e ’ ~ awe to t  both the s~ ‘U i C e ’ and t o c c i  v et  . 1y  c o i t —

s e i v at ion ot on e i q y  , we ’ C i i i  WI  I t o

hi

t ~~~ ~;; 9 .\ 9 t \ p ci: (1)

0

-

I f l . IX  111111

~l a  (~~~ 
•~~4

iii ~ix m i i i

h dep th  ot the occan (2 )

whet e .\ ~) i:: in  t . i d i a i i : ;  ~i i td i , , and hi at e  in the sam e ’ u n i t s .  Some ’t i m es

th e  t n t ~i c ’ it  wh i . li t h e sp ca~1ing chian ~ie:; t ion i  ~ phie ’t i c a l  t o  c y l i n d t  ioal

s p t e a d t u L l  i s  u s e d  to dot  t u e  a ~u i n t i t y  o~i ct i v a t e i i t  to ~\ t~ ( l I t to k  , l~~t e 7)

The do pend eitoc ‘t p ’ upon depth i s an i n ipo r t a  nt ~ u a t i t  i ty  in  the

det et  i n i t i a t i o n  ot  the  si~~na! at  a C ¼ ’t ’i~~~t ’t • At th e  beg t i m i n g ,  we sugg e st e d

t h a t  it  t h e ’ ‘‘Ct ’i\ ’ t ’l i s  ab ove ’ the m i n im u m  t u r n i n g  depth ot b en eath  th e ’

t i u a x t  m u m  t ot  ill ng depth the I ie ld is  .‘et o • rhi ;; Li  tid ot t h i n k i n g  is he lp fu l

l i t  ni ak i m i t qua !  t t c i t i v  e de ’ sot i pt ions ot the pi oh h e  in , howovet  some bet te m

ln t ’ a i i S I S  i i ’ t’tleel to e s t i m at e  p-- as a t u t h ’ t i o i i  ot dep th .  A;; ha: ; been done

ii i  t h e p a s t  • \Ve ’ s U~I tI  est lett i  mig  the i t i t e m  is i t  y ot t a y ;; pa ;;;;  t mig th r ou gh a

depth he pi opol I t on a l  to p

‘1 • ‘m e  W e ’ h~’ t i t i , let  u ;; m ake  a t ow comments  c~ ‘t h ’ e i  i i i  ng the

w a v e -  t m v  0% p . i i t i ~’le d u a l i s m  ot p h y s i c s .  h i e c t i o u s  ~i i e ’ ;;e ’t ne t im e s  treated

a:; w a v e ’:; and sonl e ’ t i i n t ’:; 1;; p i t  t i o t e ’s • t h e  t ot  i i t i t m ~~t tm i:; • ‘h ost ’i )  to he

coi lvet i  i c U t  to the pi ot ’t em . t h e  ;; a inc  sort ‘I dua I t ; ;  in a p p t  tes in c l a s s i ca l

ptiv ~~i e ’ :; to  t i g h t  and : ; o c t t t e t  w ives . It the au’e i  t i m i e ; ;  a t e  t e l  t a i g e  and the

w a v e ’ t rout ; ;  a t e ’ I te dI ly p l ane  0\’t ’l IIIaI W wave  len gt hs , then i t  is both

S 
— -I—
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convenient and accurate to use the rays or normals to the wave fronts to

calculate travel times and intensities.  Wave descriptions are needed when

the aperture is a small  number of wave lengths . Also , wave descriptions

are needed whenever rays are focused because one is looking at an inter-

ference phenomenon. Generally in these situations , one should say that

a wave field is in the region of the receiver rather than that a ray or bundle

of rays has passed through the receiver.

At large range , the wave front associated with a ray has spread

enormously and thus has had mart y interactions with the upper and lower

boundaries of the ocean. The surface and bottom limit  the aperture of the

transmission system and cause the energy to be spread over a range in

depth. We wil l  not attempt to calculate the spreading of the sound energy

but will assert that it is reasonable to use the average ray density to

estimate p2 . ~

As shown on Fig. 3 , the ocean ~t range r has been subdivided into

small regions bounded by r 1 . . . r .  . . , r~~ and z0 , z 1, . . . ZN .  The

ray traces from the source are made at equal angle increments . A number of

rays have been shown as passing through the regions, in keeping with our

view that the wave field associated with the ray is rather large , we want

to average the ray Intensity over the distance ~m r  for the depth increments

z , z 1, etc . By ray tracing , the number of rays passing through the area

at rm, 
~~n+i 

— z~ ) is 
~
‘m ,n The average number of rays passing through

the depth increment , - z , is

~1 ~~~~

‘At the shorter ranges it Is desirable to include the x-z spreading factor.
M. Holl (1967) .
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Fig . 3 Rays passing through small regions: The area at r , (z — z~)
is darkened . 

m fl

The total number of rays N Is

Total number of rays , P ~

(Note that , if no rays are lost In ~ r , then P is the sum of the rays

passing through the wave duct.)

On the basis of our assumption that the mean square acoustical

pressure p 2 at the depth (z~ + z~~ ,)/Z is proportional to P~ thus ç ~
2 dz

arid p~ are as follows:

-6—
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p~ (z — z )  = P / P  p dz (5)

and sub stitution of (5) into (2) yields

2 2 -l -1
~ 

p cos 9 — 0  r r (z~~~1— z )  (6)

In the computation of P , the averaging distances should be chosen on the

basis of the expected detail of the sound field and the range. At very

large range , it is suggested that ~\r  be at least a skip distance ” or more

than 60 km and that the (z 1 
- z )  be many sound wave lengths.  At short

range , L r  should be small  enough to reveal convergence zones and shadow

zones. Specification of analytical  or quanti tat ive values of .~r and

(z , 1  - z )  is diff icul t  and beyond the scope of this note .

Equation (6) can be used for any type of propagation . For example ,

the a mount of energy trapped in the surface duct is given by and its

corresponding irisonified depths . The effective sources for leakage signals

ca n be approximated as being at the bottom of the duct and it is reasonable

to assume the ray directions are slightly downward .

Deep water ray trace solutions often have rays that have had a few

bottom interactions along the path . A way of treating these rays is

suggested on Fig . lb. Some of the energy is lost at each bottom

reflection and part is reflected . At a reasonably large distance , the

energy is again distributed between the maximum and minimum depths .

Thus , we can include n bottom reflections as follows:

2 2 2 — 1  2 2 2

~ dz = P0 COS 9b ~
6br r (r) R 1 R2 . . . R (7)

where R 1, R 2 ,  . . . are the average reflection coefficients along the

—7—
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tra n s mis sion path . ‘h~- to us I y • i f  the bottom is deep enough ovct pat  t ~~t

the path such tha t  the sound t n t  us  above ’ th e  b ot tom , one only need i n c l u d e

the losses wh e t c the sound t o t  loots  at the bottom. The total S O U f l e t

in t ens  i tv  is th e  sum ot th e ’ contr ibut ion s ot r e f rac ted  • surfac e a nd b o t tom

t o t  loot ed  ‘~t t hs

Al thou gh i t  is ohv~ous ly  a poor pr act ice  • somet imes  0110 t t i u s t  i sSUt l ic ’

a d en s it y  L~ is t m ;  b u t t  on ot the a ~~s . It  one as sumes that  the di s t r u b u t i o t i  us

l inear  u cm the bottom to t op t u rn i  t ig  points  then Eq . (6) can he \ v t i t t e i m  as

t o t  lows:

p 2 (; — .
~ 

) -~ p— — 
- ) , ~~ (8)

1_i m l ’  1 u U1J X 111111

ami d 
:1 

N = P (9)

V
— l  — l

p — cOS 6’ \ & t (. - — ) r ( 10)
0 0 niax t u t u

But , we do not su~t~~ost the use ol Eq.  (10) if rough e s t i mat e s  of the d e n si ty

are a v a i l ab l e

For the coi ivonience of the i eaeiet , the t r an s m i s s i o n  loss in dB is

wi th  the aid of E q . (6) and inc luding sound absorption , the fol lo\v i rig

TL ~ 10 log t Ar — 10 log (P 1’)

• 10 log (
~ 

- z )  - 10 log cos 0

- 10 lo~ ~i &  - 10 loo r , dB ( 11)

where

A is the sound ab sorp t ion  in dB: III

—8 —
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is the avera ge number of rays passin g through the depth

increm ent (z — z )ri-I- i n

P is th e total numb er of ra ys at dista nce r

21 e is th e angular aperture of the source in radia ns

r , z , and r are in the same units, m.
n 0

IP

r 
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