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(/~~ j 1~‘ / IN T~CiiTCTION — — r F
‘
~~ T his memorandum desc ’ibes a ra~’ trac ing program which h~s been writtenfor the Datatron 205 to permit tha cori~putation of corrected spreading lossfor  con~iergcnce ~‘s~~ ray s in a l e r ~c~ ocean . Th5s  program, cal led Ray

Tracing Program VI ; d it f er s  from Program II ~n tw~ major respects: fIrst,
It ~n jdes a computatiao of the d i f f r ac t ion  ios~ correction factor, ~~~~~
needed in the v icin i ty  of each caust ic ~o gi ‘e a finite val’ie of sprea ~Ing
l~~s~~ and second , it l imi t s  printouts to tho~~ ranges at which the ray
passes through the ;~~c’~~ver depth. ~~ys are deli~ e~ted by their values
of ve rtex velocity, V~~ rather then ‘iert ical anyl~ s at the source , and four
types of ray paths may bo computed , ‘6ith a variah~e nu~nber of range cycles
bc t n~~ n source and receiver.

N 
T~~ ORY

The h~’ect of corrections to be used In the v ic In~ty of caustics wa s
intr~ducod by ~srsh in ~tudy H of reference ~~~~ It was shown that the
comp lete e~:pression fo:~ spreading loss in t h i s  case should contain a mul—
tip1icati~ n term, ~~~~~~~~~~ called the f irst~order diffraction correction.
This ra~.her complicated correction term is a function of frequency and

‘I modifies the classical spreading loss, equation, ~ that the intensity of
a r~’: a~ a caust ic remains f in i te, even t~~~~h dR/dV~ approaches zero.

The variable in the correction 1~actor is given by

~~LiJ (~ L~ ~
~~~ _ _ _ _ _ ( 1)
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correction factor var±oble

= range

vertical angle of the ray at the source

= sound velocity at the source

f frequency ir~ cps.

$inc~ Pro gr am VI does not include a choice of frequer~c-~ at which the
correction is to be made) the output contains the correcti’~n facto r
which can then be converted to o~ . Figure 1 gives the corresponding
value of diffraction !o~ s 5.n ~.th, wh 1cf~, when O j i d  to the c1a~~ ica 1’Ly
der iv~c spreading loss given In the printout , yields the corrected value
of sprcading loss for the ray cons~~ored.

R~ Y TR ACI:~~ PR~~ RAW V I

The Datat r on 2~~ r r :c~’aiI 1 to ~c lescribed t r~ _ t ~s r~ys f rom a source
depth to a receiver i~~: : .h, pa~ ate~ b~i a prescr~~e:i nv:’ber ;f deep re—

n~ ~rei sha l1o~’q r i ;~c’Li r~ ~r :o f~ ectioris,  arU ç r i r ~t~ 1~~fcr m~ t i i ~nn r.~”’,, ‘~~:v.~ t i2~ ? , spreadi~~ 1o~ .,, arci tho f t  :a’ t lon ~os~ r n . C t i o f l

~ ~~~~~~

J~~ :r 1~J I R ~~t EN TS

1. A 1 ayered ve1oci~ y-Jopth p:~ r~ ie (Do, V:~), ~:ith tht depth ~r fe i and
the ve i oci tv in f t/ ~~ c. Th~ prc .~~ a~ wi l l handle ~ r:a:~im L1 ~f ~~rty ]ayers.

2. The depth c~ th o ~~uri ~ (i)~ ), w~’ .:h itust cor i~~ .ponc t dt~pth c r  the
v~ l 2c i ty .— ~~~ th p~ o f i 1e  if pard~ r~ ph 1.

3. The de9th of th~ ~~~~iv e :  ~D1~), ~‘~ Ich ~~~~~ cc rres~ cnd to ~ depth on
th~. 7~~~~iLy -~:3pth .r o f i l e  uf paragi~ pn 1.

4. f~~ ~‘ii~~ex velocity ~.f the ray ( . ‘~ ), which i~ t e rmine s  the vertic~i
o~~ ie ~t any point along tii~- path. Sever~ i vert€x voLicities can be corn—
put.~d in t u~ sam e pz blem by &pecif~~.c~ the f irst and last ray s and the
increment otw~~~n adjacent rays. 

_____

~~. The ra~’ is terfnin .tc r~. after  a s1~~ ified rurno r of “range cycles ’ tn). ~The f i r st  oassage between D~ an d Dr depen dt ipo~ the “ray type” cho sen 0

L~~ paragraph 6), ~~i then n comp1~ t e  trav~~ ses through max irn~ n anc’ ~~1 ni —  0
mum d~ i ths ~re a~de ’, ending at

2 •mR,s.UR,mIus,Lm

~AK~1Ii~~ ~~~~j
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b. There ;~ra four ray types, of which any ccmbinat~on can be chosen forcomputat ion, as follows:

Type i travels down f r c m D5 and up to Dr —

~DC 2 ~rave1s up from ~ and u , to Dr Ds~~\~~~~~
,’Dr

Type 3 travels down from L)~ and cown to Dr

~~~~~~ 4 tr ~ive1s up fro~r D5 an d down to Dr — Ds’~~~~~~/~~ Dr

7 . :r~~ ei time (T)  is an optional fea ture  in the program, which can be
lr~~’ uoe~ in the compu~ otions by suitable codin g of the input data.

CUi~ UT

h~ ~u~ put of Program VI may b~ a pr i .ntrU li~;t or a set of punch ed
c.rlE . i~ ~~r ’n~ t of Je ~: in ted ~u t put . s as fo l lows :

Line I -

— • .~~th ~~ ~~urce ,  D~

~~ :~ th o,: recci i , ~;f .

Line  ~
‘ —

r4 or ’~ 1 /~~‘tc~ “~ 1ocity , V
~
.

~oxi 2 — Depth a~ which ~~y vertexes ~
.~eepcst point).

Lin e J -

word i — ~v tyc e (1 , ~. .  .J. cr 4~ .

L ine A —

~o d  I — U cycies ~at this point, th.~ roy Is traced from D~ to Dr
- i a  4 t :~ pi~tn ~pi~r 4 f l r ~i by the ray

~or d 2 — Hon ~c•nta1 range, r., i~ ‘~ar~~S.

~or1 3 — 

~ / iV~ . in yds/ft/sec. (~- o-- re er~~~e

L~ _. 
~~~ - - 

~~ 

~~~~~~~~~~~~~~~~~~~~
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Word 4 — * d
~~/dvx

2, in yds/ft/sec.

Word 5 — Spreading loss in db.

Word 6 — 
~~~~~~~~ the diffraction loss correction factor.

Word 7 — Travel time, T, in seconds (if desired).

Lines ~ through n —

Word 1 — The number of complete range cycles added to the above.

Words 2 through 7 — The correspcriding values of R, dR/dv x , V x d2R/dV~
2,

Nspr, °~4. , and I which result f r om the combination
of the basic ray path (Line 4) fcllowed by the
specified number of complete range cycles.

Lines 3 through n will be repeated for each ray type requested.

The format listed above is repeated from Line 2 or: for each additional
val ue of V~ requested.

The fo.lowing ~~~~~~~~~~ to -the above i rintout ar~ made ;

1. If o requested vertex velocity is less than or equal to the velocity at
the source, V 5, then V~ an~ V5 will be printed on Line 2 and the program
wil l advance to the next value of ‘

~
‘
~~ 

requested.

2. For any ray for which U~ does not fall within the upper and lower depth
flrrits of the ray, there will he no special printout. After Line 2 is
pr inted, the program wil l advance to the next value of V~ requested.

3. A l l  rays must vsrte’ below the source. For any ray which bounces off
the bot~om , the ~~ anc a word of all 9°s will be printed on Line 2.

EXAMPLE

Ti ’ test the ability of Program VI to produce acceptable results~ an
nxa’~ple tins selected for which previous computations involving diffracticr~cor.:~ct~ ,ns hal ceen made. The velocity—depth profile given in Table I of
ref ~reri r~e (c), as shcwn in Figure 2, was used as the input to Program VI,
and the re~ ilts for all four ray typ~s in the first convergence zone were
obtai~.€ f ~ z s urce depth of 50 feet and a receiver depth of 100 feet.
The ‘r ~corrccted spreading :oss. for  each ray type .~s shown in Figure 3. The
diffisc i’tr correctlrr.s tor a frequency of 530 cps wero applied to these
r ay F , r .s ui ting in t i c  corrected values of s~ reading loss shown in Figure 4.

4
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This f igure agrees quite well with the results given in Figure 2 of
reference (c) .  To show the effect of combining a l l  of the availabl e rays ,
assumption of random phase between ~ t’rivals was made , and Figure 5 re—
s~lted. The solid curve was derived from the data of Figure 3, and the
dashed curve from the data of Figure 4. Figure 5, again, agrees satis-
factorily with Figure 3 of reference (c), thus coofirmirig the validity of
the program and the correction method described .

CONCLUSI~~S

Ray Tracing Program VI can be u:ed In deriving the corrected spreading
loss for rays in the vicinity of caustics . In its present form, this pro-
gram suffers from the necessity to choose values of V~ in the input d irec-
tions, so that it is often necessary to make two or three runs with the
same velocity profile before adequate coverage of a convergence zone results.
This feature would be eliminated by a computed choice of sequential ialues
of V~, which could be based on the desired rnaximu~n spacings of points inthe output pl ot. An attempt will be aiade in the near futur e to deri~eaddi~ioaal program steps to give this most desirable feature~

& IL,
L • ;. SI Nb’! E l?  D. I • LIEBERMAN
~hvsicist Student Trainee

L. ~
- . CWIX F .  RADICS , ~F Programmer flectronic Engineer
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