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T This memorandum describes a ray tracing program which has been written
for the Datatron 205 to permit the computation of corrected spreading loss
fer convergence zone rays in a layerec ocean. This program, called Ray
Tracing Program VI, differs from Program II in two major respects: first,
it includes a computation of the diffraction lose correction factor, d%ig}
needed in the vicinity of each caustic {o vive a finite value of spreading
lossy and second, it limits printouts to those ranges at which the ray
passes through the receiver depth. Rays are delineated by their values
of vertex velocity, Vy, rather than vertical angles at the source, and four
types of ray paths may be computed, with a variable number of range cycles
between source and receiver.

%
cuh A \ THECRY

The subject of corrections to be used in the vicinity of caustics was
introduced by Marsh in Study H of reference {a). It was shown that the
complete expression for spreading loss in this case should contain a mul-
tiplicative term, |[J7«)|*, called the first-order diffraction correction.
This rather complicated correction tsxm is a function of frequency and
modifies the classical spreading loss equation, so that the intensity of
a ray at a caustic remains finite, even though dR/dVy approaches zero.

The variable in the correction factor is given by

d.R 3
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where el = correction factor variable
R = range
8, = vertical angle of the ray at the cource
VYo = sound velccity at the source
f = frequency in cps.

Since Program VI does not include a choice of frequency at which the
correction is to be made, the output contains the correction factor ’
which can then be converted toc ¢ . Figure 1 gives the corresponding
value of diffraction loss in db, which, when added to the classically
derived spreading loss given in the printout, yields the corrected value
of spreading loss for the ray consicered.

RAY TRACING PROGRAM VI

The Datatron 205 program to be described traces reys from a source
depth to a receiver depth, separated by 2 prescribed number of deep re-
fractions and shallow refractions or reflections, and prints information
on range, travel time, spreading loss, and the diffraction loss correction
factor, /.

INPUT REQUIREMENTS

. A layered velocity-depth profile {Dpn, Vn), with the depth in fect and
the velocity in ft/sec. The program will handle a maximum of forty layers.

2. The depth of the source (Dg), which must correspond tc a depth on the
valocity-depth profile of paragraph 1.

3. The depth of the receiver {Dy), which must correspcnd to a2 depth on
the velcocity~depth orofile of paragraph l.

4, The vertex velocity of the ray (Vy), which determines the vertical
angle et any point along the path. Several vertex velocities can be com-
putad in the same problem by specifying the first and last rays and the
increment between adjacent rays.

5. The ray is terminated after a specified number of "range cycies" (n). - d{
The first passage batween Dg and Dy depends upon the "ray type" chocen -
{see peragraph 6), and then n complete traverses through maximum ana mini- -
mum depths are added, ending at Dj. i

i
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6. There are four ray types, of which any combination can be chosen for
computation, as follows:

Type 1 travels down from Dg and up to Dy - Ds‘~\____,,/’0r

Type 2 travels up from Dg and up to Dy - DS‘—\\\\h_//’Dr

Type 3 travels down from Dg and cown to Dy - Ds\\\-’///”\0r
Type 4 travels up from Dg and down to Dr =% DS’F\\‘_'//ﬂ\Dr

7. Travel time {T) is an optiocnal feature in the program, which can be
included in the computations by sultable coding of the input data.

QUTPUT

The output of Program VI may be a printed list or a set of punched
cardz. The format of the printed output is as follows:

Line 1 ~
Word 1 ~ Depth of source, D..
Word 2 - Depth of receiver, Dgp.
Line 2 -
Word 1 - Vertex velocity, V,.
Word 2 - Depth at which ray vertexes {deepest point).
Line 3 -
Word 1 - Ray type (1, 2, 3, or 4).
Line 4 -

Word 1 = O cycles {at this point, the ray is traced from Dg to D,
via the path specified by the ray type).

N
i

word Horizontal range, R, in yards.

Word 3 - dR/dVy, in yds/ft/sec. (see reference (b)).
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Woxd 4 - Vy + d2/dV, 2, in yds/ft/sec.

Word 5 ~ Spreading loss in db.

Word 6 - ‘54}, the diffraction loss correction factor.
Woxrd 7 - Travel time, T, in seconds {if desired).

Lines ® through n -
Word 1 - The number of complete range cycles added to the above.

#iords 2 through 7 ~ The correspcnding values of R, dR/de, Vx-d2R/an2,
Neprs ®/ , and T which result from 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 on for each additional
value of Vy requested.

The following exceptions to the ebove Printout are mades

1. If & requested vertex valocity is less than or equal to the velocity at
the source, Vg, then Vy and Vg will be printed on Line 2 and the program
will advance to the next value of Vy requested.

2. For any ray for which Dr does not fall within the upper and lower depth
limits of the ray, there will be no special printout. After Line 2 is
printed, the program will advance to the next value of Vy requested.

3. All rays must vertex below the source. For any rav which bounces off
the bottom, the Vx anc a word of all 9°s will be printed on Line 2.

EXAMPLE

To test the ability of Program VI to produce acceptable results, an
example was selected for which previcus computations involving diffracticn
corrections had been made. The velocity—-depth profile given in Table I of
reference (c¢), as shown in Figure 2, was used as the input to Program VI,
and the results for all four ray types in the first convergence zone were
obtained for a source depth of 50 feet and a receiver depth of 100 feet.

The uncorrected spreading loss for each ray type is shown in Figure 3. The
diffrazciion correcticne for a freguency of 530 cps were applied to these
rays, rasulting in the corrected values of spreading loss shown in Figure 4.
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This figure agrees quite well with the results given in Figure 2 of
reference {c). To show the effect of combining all of the available rays,
assumption of random phase between arrivals was made, and Figure 5 re-
sulted. 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 confirming the validity of
the program and the correction method described.

CONCLUSIONS

Ray Tracing Program VI can be used 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 chocse values of Vy in the input direc-
tions, so that it is often necessary te make two or three runs with the
same velocity profile before adequate coverage of a convergence zone results.
This feature would be eliminated by z computed choice of sequential values
of Vyy which could be based on the desired maximum spacings of points in
the output plot. An attempt will be made in the near future to derive
additional program steps to give this most desirable feature.

LTl N fibetminn

L. T, EINSTEIN D. I. LIEBERMAN
Physicist Student Trainee

L/
L. ¥, X P F RADT.CS,
Programmer Zlectronic tng1neer

LIST OF REFERENCES

{a) H. W. Marsh, Jr. and M. Schulkin, "Report on the Status of Project
ANOS, ' USL Research Report No. 255 of 21 March 1955 (CONF).

{h) USL Memorandum Serial 1110-63 of 11 July 1960, "The Derivative Program
for Ray Tracing," by D. L. Cole.

(c) M. A. Pederson and A. J. Keith, "Compariton of Exparimental and
Theoretical Sound Intensities for Convergence-~Zone Transmission in
3100-Fazthom Water," USNEL Report No. 738 of 13 Decamber 1956 {(CONF),
USL Acc. No. 19434,




USL TECH MEMO

DISTRIBUTION LIST

Internal

USL Cede 100
101 i
105C .
900
9C0A
9008
905
905.1
905,.2
910
911
911S
911.1
* 9l1l.2
911.3
913.3
i 920
921
9218
921.1
921.2
923.1

963(5)
P. A. Barakos
D. L. Cole
M. T. Goepfert
F. J. Kingsbury
L Ps G'lyx
P. F. Radics, Jr.
E. H. Scannell, Jr.
} R. F. Seymour
{ \ C. E. Shippey, Jr.
i W. F. Wardle
H. R. Weaver




l
R S

i

S50

L

“ bt

: !

“ m
h |

80 NI SSO7 NO1LOVN44I0

..lym Xw xwma:

S _.Iil.a_..«_.

!

T

t+

t

.
L

e REE TR R e | EEEE B aRE.
i g U 11 gl 1 01 i m . p gy
frumaygm B ,* - "
EEEIHES Eatilet )T BiIRER Ik A iER B
! T “M‘.,[L,.-_,.-.,W!r- ¥ 10 i Sl iR el Bl e
| BRI TR
i S e e R ———o1
i YO R R LR R ] '] . iR
w . ! .r ..A. _.h G B¢ ”., ~_ | ! » _~ I * _ ] . 3 < i
- * 4 : k 4 S | Q } boog ! ! ! f !
AU 2TV 7 < QS 461 I IRERY O 3 5 T =i TL 1 e (e rope
71 . & 0 i ! b iR !
i ! |
_ r
R
|

Youi i m gl

I 1R A SRR

LA TR LI
PRSI SaUI §1¢
n PO ¢

‘O ¥ASS2 ® N A44NIN

18-8s¢

EILUTURERS & T BT LN

L

o i |
AR J_r 2 Bl i iy
sIEARI | B 2 e
. g@ z_ o n.ﬁo‘;. ; Jz - »-Ql




SsSiase

!

‘ L___

-

!
' i bR by
e

5100

i
- AR

|

i
o= Tl 4}.“.___?. . ‘:

i

|

i
eyt

{

i i e

VELOCITY IN FT/SEC

R R
i __L s (T

|

5

MIOT Lol shild:
ki

i
|
 SET3
{

,_,_‘. ...J.:._..

e
S
2_
3%
4

g _.-v...vr;.‘..

]

{

i

SRS BOEL L)
}

TR i WGP 8 SRS O 6 e, 08 T

B e

M i G :
e e B e S ot ot e

{

i

W 3

!
‘e ;.VOISAOL ——

1l
'

e
1
!

NEY BN ARG
H

B G L e
' { i
r
i
: SO R
THabL BRLL Acdal ot eal
i
T.,

i
I
1

- 43 ..-__4 LG L et R aid e

+ 1
o <220 o Fe e B po BT LR
= 3

{
!

|
: i

it £

i

Lad PRt

3 Teadd 0 g ¢ 2230 }

} foriif i
S S IO Toiea po ) S T SN £7NEE o
3

S | -&
%4 {

|
|

{

Bato il

1
t
1

St AR S SR T

{

byt “f"‘*““"""—""
fiitatigie
S8 3

1

4

Eo
e

T

i

i

i

i

1
{
- 5 :
{ {
{ - ¢
lTlliilp
ey ! T
3 e Loty
{
i
1
{
!
i
!
|
o

Fiiil
faidi
i

P1-6SE WO IHLOLCI X Ol =2

I NOVA 0D MASST € 44NN =

= ¢




TN iy

73

72

T

R = T T T =T T B T : 12 83 T BZ3gs ATug
{ , i i ! m { i 52 o H 1ot ., _ { § I
" e i R SEGEE EREEE ER e ae B e
B T o ATl Vo g ! IS RS I Bl E T (RIS ML TR ot e “FRFR P e FE 1-»4.31_}.»‘1*‘%
b | * b e ShE
—t ! - i EE8E 69 e LSS ELIat L s ll;. l.._h-. doe ‘“ i
| | i -
1 ' | ¥ | g
d L g | , i : bt
| mWﬂwﬂ ! < ! w i :MM
Oluw w | | ! | “ n ®
{ Tt ¢ :Mwi e ’ 3 T
i oo (o) ¢ ] ! j b i —
. b i ! ! abit { ¢ { . i ol
! % sm B _ bt ST R i el S Lo e
w o _ i | . | | | “, ! ,,_ , ; i | mw e
b Ol | x it “ SR , 5] {70 o =
ik Bt “W» T e i 3 e BN R s S A RN e D £
, e w w i i i i “ W ! u., o _
W‘ 5 b JU,UAE. 1 ; a2l . et i & 3= 11+\MTWIWK
| b3 CEk | e G H - al 8
| s | | B e i - al g
| i , : | it ISR INE )
H i i 1 ! -4 H
S = Pl o8 BaEL s d a0 L oy e 2 e ia b “ rernsfds PLETE AL ! an b ESsle d-E5 peks 27 lw : B 1L Q ‘
| SRS T T R s e o I R | R
| | | i e T ! g ..w
TA. ST | S I £ §0e T T 1lt+.: e Tk bt 3 o ST T S vy T, 1
[ } I  Egas, i Q. |
| Yo IS SR Eas 4 e A 804 et SEisti == - b2 S5k b il § drgoefinilee IE? = h
k | = g
1 } } ! - | ' |
[ ; i,

T
!
|
{
{
'
{
4

|

ot el A LA L 4

T

{
-4
‘
|

|
—

i
|

e g g g ey -

T
1
|

—]»v_
1
4

T

" | j Jotiseesd ! i : {

i e { | | |
| ! {
_

Spesiibe LIRS S PN B 1!&!
{ y t .
} : ! t | ! 2t
o e | i
e =404 s IS5 | .M ded - M % § 2 od5rd pE81 5o
: i t :
! } . }
! e :
i ! t
i ¢
SIS SRS S R LT, = Fan T P
{ bt | \
1

HMOONN

o ..l...€Q NI §S07 9NiQVINd$ 03103
o

i Son - e

100

(o}

v COD BISET % VA4ININ ¢

t'1°6GE ‘W2 EHLOLOCIXO1 A¢CH

}.

-

i

:

!

7

|
~'UNCORR
Lo

{

L

{
iichs hi s _.A i H . ® 3 fhais by i
e sesssiaas v vl 20 (Pl 281 [oode B TN, cofk i) R VD e e (BRI TRE Pt

) { e ! *H { !

70

68
RANGE IN KYDS




e e

-

1
LRERL o4 L A u_:.f.vl.TI» e
} 1

W_

]
.
i
5

ﬂt“ 2as 3 p tis ‘.ﬁ:’ ! T W LS 1 Py e J_ |l||)‘_1.‘|!4|1|4n. =% 6 0 B S I S R B I_X ok rpenapoyye ) T TIe=TTs T T I e e e
. _ : . ' 1 ‘ { | | i -t { | |~
{ i : U. , Bhng does e i . | ! feisiiat w : |
} 914 ] 11 s DT P £ TR STeteotal ,_e .” | | | ! | ol
! . i " ,. ! | , | . ] | | A } TR
! | i ! H l t I i { “ > w
e =} : jred postent 512t , | - 1 S St et S eee L5 4B Lo
w | _ 7)) ! ! ! 1 y7
' f " o S
| g : = :
| i F “ i ~ 23 e
T O) i i f 4.
s | :
T nMv Eﬂw - TH peetl e -2 IS ey saaye: = reves oy %M.ﬂ.
: = i =0 1
} Wln ﬂFQ m I { | m“
] SR | ] et as. SAa i it 2 s kidis 4 AL IS PBE PR Pt L
. <{38% W] _ | i ! (ERE sy
T < “ ﬁ w : . el
(o2 0 ~V. : «© o Cong i ! ) | i N_o
) o - =t 5| fE AP S 5 e ,..:..erl
ol s S w _ ! i “ m . : |
olwsw ; i . | _ : ‘ ﬂ |
o>y i 1 - i ! t ! ; — m
e g T e T e e h S e g re e St
- Tloow pet e i T R | R B
- Jdlouwe (&) | __ i ! i | 5 | @
L Wlnaew (E L L e Jithis o] ) St EENTe! Wit R AE Ul et ER | . Eao
Z @ | it w TR
R m 3 H 3 1 w mu x
o t gt PR (DR o Petet Badlh ;O ISR porte 02y i L Z
o i : A | m ! BRI
i i f ¢ { { { 8| | { “
: fitii P2 1588 E30ES el toast el froilone MSGFes (EbIShess: ioboj SO (B (A0 miSe LSl pob g bR} 2031 |
| ! { ; [ ! H , 3 i i ¢ 02
{ i i ! | ! ! ! i § ! | <
: i { m t ‘ : i _ _ @x
———} SR p e ey s Sy pis Ferag ke et e T + ol Bt Ao
i s R , —to |
! I = j oSy bl { 6 § ” ." i M
i o | 1 _ ,. }
Shei i R e s B B L R S RE e R L R |.’L-l..1 i~
| R ; e
i | B =
| 1 { ! 1 {
=1 IETHE I LK H -t;.i-xlm:tl £  ETRS par=s
i | | i | 1
i 1 O D TR e e e R ‘
=t = 1 == e 4 =
i | { : ! - ! { | | !
{ i i Y per i !
1 i o1

9

dpa ek R I, m%ﬁw.mﬁﬁuf %EP. |
o -
@

WO 2HLOL 01 X 01 ="




50 FEET | ..

SE datech MA=En s &..ll...lT?l.L ik u ¥ v EET LAl s

1

!

{

RECEIVER—]Q0 FEET
" FREQUENCY=530 CPS

]
1
.
,

. SOURCE

9

6
RANGE IN KYDS

L pmet

BT H A [ T Rerue et e
68

_I[-
|

£ 9/26/6)

i

:J_B:-Q..Q_g

67

|
i
28
e
}
wv. :

RREGTED
% dw o -

921

|
|
1

rgc_u_!gm ENO NO..
66

65

g “;L@L

1o
64

1

18Q | _ mmg o.ﬁoﬁ

LSl

i

A OO MASST W 1TAANIN =y
WO 3H1L OL 01 X Ot




